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1.0 SUMMARY

This report is one of three volumes. The Executive Summary decribes the entire CAD-

BIT effort and the following Volume Summary is a description of this volume.

1.1 EXECUTIVE SUMMARY

CAD-BIT is a development program to specify the imulementation of an automated

procedure to integrate Built-In-Test (BIT) into the design of Printed Circuit Boards

,PCBs) on Computer-Aided Design (CAD) workstations. When fully developed, the

CAD-BIT software will be capable of operating on generic workstations meeting various

standards. These standards include those for operating system (UNIX), programming lan-

guage (C), and graphical data interchange Initial Graphics Exchange Specification

(IGES).

The purpose of this program was to develop the design of the automated procedure, the

associated BIT data base, and a software specification for the CAD-BIT module ready for

encoding. No coding of the CAD-BIT Module (CBM) was performed except as necessary

to test and verify feasibiitty. CAD workstations and BIT techniques and their applications

were also surveyed to determine standards required for the CAD-BI I module implemen-

tation and to establish requirements for and define the structure of the BIT data base.

1.!.1 SCOPE

This report describes the development of the CAD-B1T automated procedure, the asso-

ciated Data Base of BIT Functions, and software specification developed during this con-

tract. The contents of this report are organized into the three volumes described below.

Volume I Technical Issues

Volume I is a general CAD-BIT description and provides useful information for any

type of involvement with CAD-BIT. It begins with an Executive Summary descMbing the

work performed under the CAD-BIT contract. It is followed by a detailed description of

the automated procedure. The description contains text, flow diagrams of the procedure

operations and its data, sets of menu sequences showing menu options, selections, and

resulting operations. Algorithms and formulas are included. The CAD-BIT Data Base and

its files are described.

Additional topics in Volume I include Menus, the CAD-BIT Feasibility Demonstration.

BIT and CAD workstation surveys and Standards Recommendations, SLART-BIT Appli-

cations, and a Automated Procedure Evaluation. The Volume also includes an appendix

with a BIT iibrary example for the On-Board ROM BIT Technique.

........... .. m m umm unmmmulml lllln m mnimnnnln-I-



Volume I BIT Library

Volume I contains a description of the BIT data base library elements and BIT library

elements for the thirteen BIT techniques listed below. The data in Volume 11 will be used

to encode CAD-BIT's BIT technique data base during the implementation phase. In addi-

tion, it illustrates the required data for adding new BIT techniques. It also provides useful

data to the future circuit designer / CAD-BIT user on the BIT techniques, their implemen-

tation, and the default cirLuit components.

" On-Board ROM
" Microprocessor BIT,
" Microdiagnostics

* On-Board Integration of VLSI Chips BIT (OBIVCB)
" Built-In Logic Block Observer (BILBO)
" Error Detection and Correction Codes
" Scan

" Digital Wraparound

" Pseudo Random Pattern Generator with Multiple Input Shift Register (PRPGMISR)
" Comparator

" Voltage Summing
" Redundancy

" Analog Wraparound

Volume III CAD-BIT Software Specification

Volume [II contains the CAD-BIT Software Requirements Specification (SRS). This

SRS establishes the requirements for the Computer Software Configuration Item (CSCIi

identified as Computer-Aided Design for Built-In-Test (CAD-BIT) System. It will be

used dunng the implementation as the basis for encoding the CAD-BIT software modules

and the creation of its data base.

1. 12 PURPOSE

The purpose of the CAD-BIT system is to provide an automated procedure to aid the

electronic circuit designer in the selection of BIT techniques, the insertion of the associ-

ated BIT circuitry into the PCB design, and to provide a post design evaluation of the

penalties incurred by the addition of BIT circuitry into the PCB functional design.

-2-



1.2 VOLUME II SUMMARY

The organization of Volume II of the CAD-BIT Final Report is shown in Figure 1-1.

The bulk of the volume is a set of data packages for a variety of BIT techniques. The

packages are labeled in Figure 1-1 as "Library Element for Techniques n".

Prec.-ding the data packages is the Data Base of BIT Functions Introduction. The intro-

duction describes the criteria used in selecting the BIT techniques for inclusion in the BIT

library, along with the list of the techniques and a short summary of each. A descrption

of the data elements for each technique is also provided.

2.0 DATA SCGRCES

One of the sources of data for the library was a BIT survey, an investigation and analy-

sis of design of PCBs from a variety of electronic equipment systems including analog,

digital and hybrid PCBs. The details of the survey are described in Volume I of the

CAD-BIT final report.

In order to obtain a greater scope and more detailed information on the various BIT

techniques, a literature search was also conducted and over 100 papers on BIT wkere

accumulated and reviewed. Papers especially pertinent to the enclosed techniques are

listed in the Bibliography contained at the end of each technique library element.

3.0 CRITERIA FOR BIT TECHNIQUE SELECTION

Certain criteria concerning the selection of BIT techniques for the library were arrived

at as a result of contractor queries at the beginning of the study. These criteria govern

various aspects of the definition of the BIT Library and are as follows:

" Self Contained

The BIT tecnniqu. shall be self contained within the Line Replaceable Mod-

ule (LRM) or Printed Circuit Board (PCB). All of the hardware and soft-

ware necessary to conduct the Built-In-Test shall be resident on the LRNI

itself with the exception of BIT Initiate and PassiFail signals.
" In Flight/Flight Line Maintenance

The techniques to be considered are primarily for In Flight or Flight Line

Maintenance (as opposed to intermediate level or depot maintenance).

-3-
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" Fault Detection

The techniques are for fault detection. If a technique provides fault isola-

tion, it will not be considered an advantage if there is a real estc.te or power

penalty associated with the fault isolation capability.

" Modifiable

The structure of the data base shall be such that modifications can be made

as knowledge or data in the technique is accumulated.

" Open Ended

The data base shall be open ended to allow inclusion of additional BIT

techniques as they are developed.

" LkM Design only

Some CAD systems support the design of semi-custom integrated circuits

concurrently with the design of the LRM on which the integrated circuits

will reside. CAD-BIT will only facilitate inclusion of BIT into the LRM.

CAD-BIT may utilize BIT in the integrated circuit, but is not intended as a

vehicle to incorporate BIT into the integrated circuit. However, the v,;tem

can be easily expanded to do so.

4.0 DESCRIPTION OF CAD-BIT LIBRARY CONTENT

4.1 LIST OF BIT TECHNIQUES

As a result of the BIT survey, a represent -Ave list of BIT techniques was selected for the

Library Package. The list is wide ranging and represents a broad cross section of circu,t

design applications. Besides addressing the three general classifications of digital. analog

and hybrid, the list also includes BIT techniques applicable to LRM's that contain micro-

processors, microprogrammed machines and Very High Speed Integrated Circuits

(VHSIC). Additional techniques allow the designer to insert Built-In-Test Equipment on

the interior of his design or be strictly external to his orginal design A 'ist of BIT tech-

niques supplied in-this Volume is shown below with a brief summary of each :echnique

DIGITAL

On-Board ROM

Microprocessor BIT

Microdiagnostics



On Board Integration of VLSI Chips Bit (OBIVCB)
Built-In Logic Blo.-k Observer (BILBO)

Error Detection and Correction Codes

Scan

Digital Wraparound

Pseudo Random Pattern GeneraroriMultiple Input Shift Register (PRPG,,MISR)

ANALOG

Comparator
Voltage Summing

Redundancy

HYBRID

Analog Wraparound

4.1.1 ON-BOARD ROM

BIT test patterns and good machine responses are stored in on-board ROM. V, each

test pattern is applied the output of the Circuit Under Test 'CUT) is compared to the

known good machine responses. A mismatch indicates an LRM failure.

4.1.2 MICROPROCESSOR BIT

The inherent intelligence of the microproc*.ssor is used to test itself and associated

penpheral circuitry such as memory and Input/Output (1/O). A self test program is written

to exercise circuitry within and outside of the microprocessor integrated circuit. The BIT

program is stored in ROM.

4.1.3 MICRODLAGNOSTICS

Microprogrammed processors have their instruction repertoire defined in external RONI
instead of internal logic of conventional processors. Special instructions can be defined

which will test both internal and external processor hardware in a very effic'ent manner

These BIT instructions are added to the normal instructions resident in external RQ\.

- 1.4 ON BOARD INTEGRATION OF VLSI CHIPS BIT (OB[VCB)

Many current Very Large Scale Integration (VLSI) chips are designed with an internal

BIT or contain hardware such as scan registers to facilitate their own checkout. This

technique integrates the chips internal BIT with the overall BIT of the LRMI on .hich tn. e

chips are resident.

. . .. nu l l i i I I nt i i n



4.1.5 BUILT IN LOGIC BLOCK OBSERVER (BILBO)

Circuit structures can be configured to function as a variety of BIT devices, such as. a

pseudo random pattern generator or a multiple input shift register. This circuit is config-

ured by different binary patterns on two input control lines and the circuit can also serve

as a bank of normal CUT flip-flops. Thus, this one design can be placed throughout the

CUT and can be configured and reconfigured during test to provide a variety of BIT

functions.

4.1.6 ERROR DETECTION AND CORRECTION CODES

Extra bits can be added to digital words containing information on the validity of the

data when the word is transmitted or stored in memory. Hardware exists which examine

these extra bits and can determine whether any bits have erroneously changed state dur-

ing the manipulation of the word.

4.1.7 SCAN

The main principle of SCAN is to provide a redundant flip-flop (FF) for each FF in the

normal circuitry so rh;t at a predetermined instance, the secondary FF can be set to the

state of its corresponding primary one. The secondary FFs are connected as a shift

register so that the state of the machine, as captured by the secondary FFs, can then be

shifted to the outside of the CUT for analysis for proper operation.

4.1.8 DIGITAL WRAPAROUND

LRMs that contain a microprocessor and some digital input and digital output circuits

can have their 1/O checked out with the addition of gates that wrap the output to the input.

The microprocessor serves as test controller, stimuli generator and response comparator.

4.1.9 PSEUDO RANDOM PATTERN GENERATOR WITH MULTIPLE INPUT SHIFT

REGISTER (PRPGMISR)

This technique combines two BIT circuits to accomplish a checkout of the CUT A

linear feedback shift register is a source of test vectors for input to the CUT A CUT

output signature is accumulated in the Multiple Input Shift Register for the duration of the

pseudo random pattern sequence. The signature is then compared to a good machine

signature to determine a pass or fail status of the CUT.

4 10 COMPARATOR

An analog test signal source located on the LRM is fed into a CUT analog channel. The

output of the analog channel is compared to a predetermined reference signal (also

.. . .- .,n....=. ,,i .nmi nm i m -7-l



generated on the LRM) via a comparator to determine whether the channel is operating

properly.

4.1.11 VOLTAGE SUMMING

LRMs that generate a set of simple signals (such as DC Levels or Power Supply Volt-

ages) can be tested by combining their signals into a single sum and then companng this

sum with a known good value of signal also generated on the LRM. An excessive vari-
ation of any single signal will be reflected in the sum and will be detected by the com-

parator to flag a fault cGrdiiiou.

4.1.12 REDUNDANCY

Redundancy requires duplicating the normal CUT and stimulating both the CUT and

the redundant CUT from the same signal source and comparing the outputs with a com-

parator. If the comparator detects a difference between the outputs it sets an error flag.

4.1.13 ANALOG WRAPAROUND

LRMs containing a microprocessor and analog input and output can have their IO

checked out with the addition of analog switches that wrap the output around to the
LRMs. The LRMs contain a microprocessor and analog input and output can have their

I/O checked out with the addition of analog switches that wrap the output around to the

input during self test. The microprocessor serves as a test contr;,'ler, stimuli generator

and response comparator enabling a check out of output devices by reading the signal

with the input device.

4.2 ELEMENTS OF BIT LIBRARY (DATA BASE) FILES

All of the techniques of the Library package contain information in a standardized set

of elements. The data elements consist of text files, lists, tables, graphic images and
equations. This data is used by the CAD-BIT algorithm for tutorial presentation-. BIT

selection and BIT implementation. Figure 4-1 depicts the structure of a library element
<L.E.> 'BIT Technique) and the associated data elements for each library element. With

reference to the figure, each Library Element contains 4 major categories of data:

" SHORT TUTORIAL

" LONG TUTORIAL

" USER REQUESTED DATA

" FIGURE OF MERIT EQUATIONS



i I I I I I I

............

r- - -

,z - I I

7 Am__

- i --

zz

zz

"K .,.,- ,,, -_-

-- _ _

-';d.--"

i mm niamimmim, i~i



Each categury contains one or more subcategories of data. The follow ing sections de-

scribe the contents of each sub category data element(s).

4.2.1 SHORT TUTORL-\L

The Short Tutorial categories contains three single screen presentations designed to give

a brnef overview of thc technique. The designer can scan through these tutorials to get

acquainted with possible techniques for his application or to review the contents of the

data base. The data presented is depicted in Figure 4-2.

n FLOW CHART OF BIT SEQUENCE

LEVEL I BLOCK DIAGRAM OF TECHNIQUE

ONE SCREEN TEXT DESCRIPTION
OF

BIT TECHNIQUE

FIGURE 4-2

SUBCATEGORIES (DATA ELEMENTS) OF THE SHORT TUTORIAL
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4.2.2 LONG TUTORIAL

The Long Tutorial Category provides more in depth material to help the designer be-

come better acquainted with individual techniques. There are -,ven subcategories of data

associated with this category and are illustrated in Figure 4-3. In the figure they are

shown as a simple page but in actuality they may contain more than onc page (or screen).
The first subcategory is a description of the BIT sequence flow chart of the short tutorial.

The detailed information of the next three sub categories is provided in a structured form
rather than descriptive text. For example, there are separate tables for advantages, disad-

vantages and list of attributes.

A standard list of BIT attributes was identified and appropriate remarks for each attrib-

ute are indicated on all of the BIT techniques. The standardized attribute format was

designed to facilitate comparisons of various techniques by the designer.

Following the attributes is the default design subcategory and the default design parts
table. The purpose of this design is two-fold, first to provide a designer with a more

detailed understanding of a particular BIT technique and secondly to provide a basis for
estimating the real estate. power, weight and timing penalties. In most cases, the default

design is only one configuration of many different possibilities. The design is approximate

and for guidance only. The final design may have to contain many refinements such as

decoupling capacitors, buffering to account for circuit loading, and part substitutions for
those shown in the detailed design.

The last subcategory in the Long Tutorial is the Bibliography.

4.2.3 USER REQUESTED DATA

The User Requested Data category has only one subcategory, a list of questions to the

user. Typical questions in this set are "How many primary inputs does the Circuit Under

Test (CUT) have?", or "What is the test pattern applications rate"".

The answer for these questions is used to determine the amount of circuitry and the test

time required by the BIT circuits.

4.2.4 FIGURE OF MERIT EQUATIONS

Figure of Merit Equations are used to calculate the real estate, weight, power and tim-

ing penalties. The equations for any given technique are based on the default design.
However, since the actual circuit may have more or less I/O than the default design, the
Figure of Merit equations must be adjusted to the actual CUT 1,,0. The adjustment infor-

mation is obtained from questions posed to the designer. The questions are defined in the

-i1-



BIBLIOGRAPHY

PARTS DATA TABLE
FOR

FDEFAULT DESIGN

DEFAULT DESIGN

(SCHEMLTICS/WIRING DIAGRAMS)

LIST OF ATTRIBUTES

LIST OF DISADVANTAGES

ILIST OF .DVXINTAGES

DESCRIPTION OF BIT SEQUENCE
FLOW CHART

FIGURE 4-3

SUBCATEGORIES (DATA ELEMENTS) OF THE LONG TUTORIAL
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User Requested Data category of section 4.2.3. Unlike the other elements of the library,

the equation data elements are not displayed but are used internally within the CAD-BIT

algorithm. The equat on data is divided into the following three groups:

" VARIABLE DE' INITION

" COMPONENT DETERMINATION EQUATION

" PENALTY EQUATIONS

5.0 DRAWING CONVENTIONS

Many of the drawings show a mixture of CUT circuitry and BIT circuitry. The shaded

blocks in the block & circuit diagrams represent CUT circuit, while the unshaded blocks

represent BIT circuitry.

6.0 CAD-BIT DATA BASE

The CAD-BIT data base presently has nine digital, three analog and one hybrid tech-

niques in its library. Additional techniques can be easily added to the data base. The

CAD-BIT data base structure is illustrated in Figure 6-1. This volume contains the data

for the BIT Techn.que Files only. The CAD-BIT System Files data is found in Volume II.

CAD-BIT Specification. Design Related Data Files are generated by CAD-BIT '.hen

CAD-BIT is in operation.

CAD-BIT
DATA BASE

BIT TECHNIQUE DESIGN
SYSTE FILES S RELATED

FE FILES

Figure 6-1

CAD-BIT DATABASE OVERVIEW
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: SHORT TUTORIAL PAGE 1 of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT r LIST E TABLE [ GRAPHIC E EQUATIONS [

DATA:

SHORT TUTORIAL
FOR

ON-BOARD ROM

On-Board Read Only Memory (ROM) Self Test is non-concurrent, mostly hardware

and firmware, Built-in-Test (BIT) technique which consists of applying test patterns

that are stored in an on board ROM to a Circuit Under Test (CUT) and then compar-

ing the CUT's response to what is expected, resulting in a go - no/go output signal.

Although the number of test patterns required to exhaustively rest a function is pro-

portional to the cube of the number of gates, this technique has some potential in that

each test pattern can be individually and selectively determined, thereby, maximizing

the percentage of fault detection to the test pattern ratio.

- 15-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: SHORT TUTORIAL PAGE 2of 4

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM.
2. BIT SEQUENCE FLOW CFLRT.

DATA TYPE: TEXT ED LIST [" TABLE E GRAPHIC [ EQUATIONS -

DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2

L 6-
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BIT iNITIATE

I iNITIALIZE CUT/RESET

PASS-FAIL FF/N=O/
SET MAX

APPLY ROM ADDRESSES

DELAY AND ENABLE ROMS

TP RIPPLE THRU ROMS

DELAY AND STROBE COMPARATOR

NO [ SET PASS,

PASSAIL FF

FNCREMENT 2 LAB T EUL
N

PASSIFAIL
FF STAYS PASS IF NEVER

SET TO FAIL

FIGURE 2 - BIT SEQUENCE FLOW CHART
FOR ON-BOARD ROM

PAGE 4 of -1
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAGE 1 of 14

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT [ LIST C] TABLE E GRAPHIC [ EQUATIONS E
DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
FOR

ON-BOARD ROM

1. A positive pulse "Test Initiate" signal is input to test control logic to begin test.

2. The test begins as follows:

- "BIT Mode" signal from control logic to multiplexer is activated

- Normal inputs to CUT multiplexed out
- Test Patterns (TP) from TP ROM input to CUT enable

- All resettable logic of CUT reset

- ROM address counter in control logic reset to zero

- "Pass,'Fail" Flip-Flop (FF) in comparator logic block reset to "Pass"

3. The system clock, while in BIT mode, increments the control logic counter
which addresses the TP & Good Machine Response (GMR) ROMs simultaneously.

4 After a delay sufficient to fully establish the addressing in the step above, both
the TP & GMR RONfs are enabled.

5 The TP ripples through the CUT. To gain control of the CUT clock, each TP ,il
have both high and a low on the clock line which may come from the TP ROMl

6 After enough delay for a good machine to establish a GMR at the CUT's
outputs. the comparator is enabled.

A good machine at this time will hae the GNMR pattern identically compare
with the CUT outputs. If not. the Pass,'Fail FF %vill be set to 'Fjii'" and .-iil
remain "Fail" until BIT is re-initiated.

'. If the address to the RONs is the last address, then -End Of Test' controi
logic signal goes low. The moment the enable comparator signal goes HI
during this last TP -equence, the BIT mode FF is reset and the system I OUt
of BIT mode. The PassFail FF will remain set to "Pass" it during the tet it
was never set to "Fail".

9 If not the last ROM address, go back to step 3
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD RON1

CATEGORY: LONG TUTORIAL PAGE 2 of 14

SUBCATEGORY: BIT TECHNIQUE ADVAN- AGES

DATA TYPE: TEXT U UST ZI TABLE [ GRAPHIC E EQUATIONS

DATA:

ON-BOARD ROM BIT

ADVANTAGES

1. An understanding of the CUT can, lead to a substantial percentage of fault de-
tected with a few, determined test patterns.

2. A CUT with much sequential logic requices specific "Pairs" of test patterns
applied in sequence. Although, this presents a problem with Random Test

Pattern Application. storing the test patterns in ROM so that they indeed do occur
in pairs is done without difficulty with the On-Board ROM Method.

3 On-Board ROM Test Generation becomes competitive when compared to random
pattern generation as the number of CUT inputs become large and'or number or
patterns required becomes small. This is best understood by considering t at the

total nunber of binary patterns possible for a CUT with n inputs is 2 n. If n=16,

2n = 65,536. If n=20; 2n = 1,048,576. If n=24; 2n = 16,777,216. Consider a
hypothetical 24 input CUT that can be adequately tested with 2,000 deterministic
patterns. Most of the Test Pattern Generator (TPG) hardware required using

On-Board ROM Method are cascaded, 2K by 8 ROMs as compared to 3 cascaded.
i-Bit shift registers plus 2 Quad Exclusive Or Packages. But the real savings i
test time. To be absolutely sure of providing all 2,000 test patterns one must cvcie
through 16,777,215 possible test patterns when using random pattern generator

4 The control logic for the On-Board ROM Test is simple when compared to the
Random Test Pattern Generation method which requires loading seed patern, ,nd

special test sequencing.

5 Read control logic and address and data buses may possibly be shared between te t

and function purposes.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE. ON-BOARD ROM BIT

CATEGORY: LONG TUTORIAL PAGE 3 of 1.4

SUBCATEGORY: BIT TECHNIQUE DIS.A-D'VANTAGES

DATA TYPE: TEXT [ LIST El TABLE F] GRAPHIC [ EQUATIONS
DATA:

ON-BOARD ROM BIT
DISADVANTAGES

1. With the growing complexity of electronic circuitry being implemented on Line
Replaceable Modules (LR-M) of today, it is becoming more and more difficult for a
test engineer to understand what he is testing, especially when under pressure to
establish the test plan quickly. Without a true understanding of what is to be
tested, it is nearly impossible to effectively and efficiently determine the test pat-

terns that are necessary.

2. When the number of test patterns required to obtain adequate fault coverage is
large and/or the number of CUT inputs is small or can be partitioned into a few

small number of input groups, then the real estate required for the On-Board RONI
Method becomes excessive when compared to the random pattern generation

method.

3. Memory elements in general are not as reliable as random logic microelectronic

devices.

4 Circuit design changes often require reprogramming the ROMs.

5 If the number of bus lines required to address the ROMs are excessive andor the

distance between the TP ROMs and the control logic, or between the GMR RO\l

and the control logic is substantial, then Printed Circuit Board (PCB) real estate

consumed is excessive and costly

6. Memory allocated to either store test patterns or GMRs can never serve both test

and function purposes as can shift registers used in Built in Logic Block Obser-ers
(BILBO) for example.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIL Z AE 4 of 1.4

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C3 LIST CE TABLE 0 GRAPHIC C EQUATIONS 77

DATA:

ON-BOARD ROM BIT
ATTRIBUTES

1. REAL ESTATE PENALTY
" Increases with CUT complexity
" ROMs - Number of test patterns is approximately the cube of the num-

ber of gates for combinational. FFs increase the number even further

Control - Approximately 11 chips for this example. Number of counter
chips increases with number of test patterns
Multiplexer - Number multiplexer chips equals number input lines
divided by number of lines switched by multiplexer chip

Comparator - Number c:omparator chips equals (number output
lines) divided by number of lines compared by chip
Land real estate depends on layout

2. POWER PENALTY

Roughly proportional to real estate penalty example:
Power Penalty equals Percent Real Estate Penalty multiplied by CLT
Normal power.

- Exceptions (some ROMS have power down model

- Switch Technology (use Metal Oxide Semiconductors \MOSi
ROMS for higher density)

3. RELIABILITY PENALTY

Proportional to Real Estate Penalty if similar technology is used for
Built in Test Equipment (BITE) as for CUT

May have to distinguish BITE failures that only effect BITE vs BITE
failures that effect CUT

- Computer Aided Design (CAD) System may have software package for
reliability calculation
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LIBRARY ELF mr, iiATA
SHEET

ai i TECHNIQUE: ON-BOARD RONI

CATEGORY: LONG TUTORIA\L PAG E 5 of 14I

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT El LIST E] TABLE [ GRAPHIC E EQUATIONS

DATA:

ON-BOARD ROM BIT
ATTRIBUTES

(CONT)

4. TIMING PENALTY

* Test Time Duration - Number of Test Patterns multiplied by Pattern
Application Period

t Circuit throughput Delay - Additional delays of Multiplexers

5 NON-CONCURRENT

6. CONCEPTUAL COMPLEXITY

* Straight Forward

7. HARDWARE/SOFTWARE

* Test Patterns in Firmware

8. TECHNOLOGY

* All current digital technologies

May use higher density technologies for ROM to reduce real estate
penalty. (May need NIOS-Transistor Transistor Logic (TTL) converters)

9. IS BITE SELF TESTABLE?
a Can do check sum on ROtIs (add hardware)
a Some ROMs have shadow registers

10. DESIGN COST
. Use standard estimating procedures based on number of chips
. Must add Engineering time to create Test Patterns and GMIRs

aMay need debug time to hardware verify proper operation
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L RY ELEMENT DATA

BIT TECHNIQUE: ON-BOARD ROMN

CATEGORY: LONG TUTORIAL PAGE 6 of 14

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST El TABLE [ GRAPHIC El EQUATIONS E
DATA:

ON-BOARD BIT ROM
ATTRIBUTES

(CONT)

I. SOFTWARE DESIGN COST

Only applicable at system level

12. NUMBER OF BYTES OF STORAGE REQUIRED

Function of complexity of circuit (set Real Estate Penalty)

13. STAND-ALONE (SELF-CONTAINED BIT)?

Yes

14. WEIGHT

" Proportional to real estate penalty weight

" PENALTY = (Percent Real Estate Penalty) x (Weight of circuit)

15. Commercially available integrated circuits with testability features ROMs are
available with shadow registers.

- 24 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAGE 7 of 1,

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT [] LIST [] TABLE CD GRAPHIC E EQUATIONS []

DATA:

a) See figure 3 for ON-BOARD ROM LEVEL [I BLOCK DLAGRAM.

b) See figure 4 for TEST PATTERN AND GOOD MACHINE RESPONSE RON! DEFALLT
DESIGN.

c) fg!-, 5 for GOOD \'LACHtME PESPONSF COMPARISON LOGIC DEFAULT
DESIGN.

d) See figure 6 for INPUT MULTIPLEXER DEFAULT DESIGN.

e) See figure 7 for CONTROL LOGIC FOR ON-BOARD ROM DEFAULT DESIGN.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD RONI

CATEGORY: LONG TUTORIAL PAGE 13 of 14

SUBCATEGORY: PART DATA TABLE

DATA TYPE: TEXT [] LIST [] TABLE El GRAPHIC 0 EQUATIONS [

DATA:

ON-BOARD ROM
PART DATA TABLE

NUMBER/NAME AREA # OF POWER POWER MAX. WEIGHT
(sq in) PINS TYPICAL(mW) (mW) (gins)

TBP385LI6 0.375 24 325 500 6.5
2K x 8 PROM

74LS604/ 0.37 23 275 350 .

OCT 2-IN MUXs
LATCHES

"4LS686/ 0.375 24 220 375 65
3 BIT MAGi
IDENT COMP

'41617/ 0 243 16 315 455
4 BIT SYNC BIN
COUNTER

-404,' 0.243 14 90 165
HEX INVERTERS

-400/ 0,243 14 60 '1 2
QLAD 2-IN POS
NAND

'-4125 0.243 16 55
QUAD D FLIP FLOP
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG RTORL PAGE 14 of 1,4

SUBCATEGORY: BIBILOGRAP-IY

DATA TYPE: TEXT [ LiST [ TABLE ED GRAPHIC [ EQUATIONS [

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: USER REQUESTED DATA P-FAGE I of

SUBCATEGORY:

DATA TYPE: TEXT U LST [ TABLE [ GRAPHIC [ EQUATIONS [

DATA:

QUESTIONS VARIABLE
ASSIGNMlENT

1. How many primary input pins are used by the PCB's v1
operational circuitry?

How many primary output pins are used by the PCB's v2
operational circuitry?

3. How many test patterns are required to be stored in the ROMs? vI

4. What is the test pattern application rate? A

5. What is the estimated initialization time? v5
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD RONI

CATEGORY: EQUATIONS PAGE 1 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT El UST E TABLE E GRAPHIC [ EQUATIONS 7

DATA:

1) VARIABLE DEFINITIONS

nl= Number of ROM chips

n2= Number of MUX chips

n3= Number of COMPARATOR chips

n4= Number of COUNTER chips

n5= Number DECODE chips

n6= Number of PROGRkALMABLE DELAY chips

n7= BIT MODE status FF

n8= Number of CONTROL GATES

vl= Number of tNPUT PINS<= 120

v2= Number of OUTPUT PfNS<= 120

v3= Number of TEST PATTERNS<= 12288

v4= PATTERN RTE

v5= INITIALIZATION ThIME

[I1 COMPONENT DETERMINATION EQUATIONS

nl= (vi 3"¢v32048- (C,)(v32048)
n2= (vlI8)

n3= (v2/8)

r4= (v3/16)

ri5= Integer of ((n4 + 1),2)

n6=2

nS=2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: EQUATIONS 2 Of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT El LIST E TABLE [1 GRAPHIC C] EQUATIONS -
DATA:

III) PENALTY EQUATIONS

a) AREA (sq in)

Area of BIT chips = (.375)nl + (.87)n2 + (.375)n3 + (.243)n4 +
(.375)n5 + (.375)n6 + (.243)n7 + (.243)n8

Total area of BIT circuitry = (Area of BIT chips)
+ 15% for PC traces
1.15 ( Area of BIT chips)

b) POWER (mW)

Power = (325)n1 + (350)n2 + (375)n3 + (455)n4 + (375)n5 +
(200)n6 + (90)n7 + (110)n8

c) WEIGHT (gms)

Weight of BIT chips (grams) = (6.5)nl + (7.5)n2 + (6.5)n3 + (2.0)n4 +
(6.5)n5 + (6.0)n6 + (2)n7 + (2)n8

Weight of BIT circuitry = Weight of BIT chips +
10% For Weight of solder

= 1.1 (Weight of chips)

d) TIME (ns)

Test time = (v3) (v4) + v5

Throughput delay 30
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PARAGRAPH 6.2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: SHORT TUTORIAL PAGE I of 6

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC [ EQUATIONS

DATA:

SHORT TUTORIAL
FOR

MICROPROCESSuR BUILT-IN-TEST

Microprocessor Built-In-Test (BIT) is accomplished using functional fault models

which comprehensively, and efficiently test the microprocessor. To implement this

method, some test program memory, and the built-in intelligence of the

microprocessor are required. An optional external test module may also be used,

depending on the microprocessor being tested. The external test module is a device

controlled by the Central Processing Unit (CPU) and is used to control or initiate

microprocessor peripheral control devices which are located on the microprocessor

chip.

Microprocessor BIT is done in stages. Each subsequent stage builds upon the

successful completion of prior stages. These stages are performed in the specific order

shown below:

* Core instruction tests

* Read register Instruction tests

' Memory tests

* Addressing Modes tests

* Instruction Execution tests

' Instruction Sequence tests

* I/O peripheral controller tests
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-[N-TEST

CATEGORY: SHORT TUTORIAL PAGE 2 of 6

SUBCATEGORY: DESCRPfTION OF BIT TECHNIQUE

DATA TYPE: TEXT Ox LIST 0 TABLE 0 GRAPHIC 0 EQUATIONS [

DATA:

SHORT TUTORIAL
Pr)R

MICROPROCESSOR BUILT-IN-TEST
(CONT)

In addition to the microprocessor, the external test module may optionally be tested. It

is tested in the following manner:

" Verify CPU is operating properly (see above list).

" Set up "-i-chip peripheral controllers in external control
mode.

" Use the external test module to set up external on-chip
peripheral controller requests.

Normally, Microprocessor BIT is executed at the operating speed of the

microprocessor.
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LIBRARY ELEMENT DATA
SHEET

BI1T TECHNIQUE: \AICROPROCESSOR BUILT-IN-TEST

CATEGORY: SHORT TUTORIAL PAGE 3 of 6

SUBCATEGORY: 1 EE LC IGA
2. BIT SEQUENCE FLOW CH-ART

DATA TYPE: TEXT [: LIST 0 TABLE GRAPHIC EQUATIONS

D A T A : S U C T G R 1: S E F G E I
SUBCATEGORY 2: SEE FIGURE 1
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POWER UP UUT

E INITIATE BIT

- - FLA

CORE INSTRUCTION

E TESTS ARE EXECUTED

PASNO ISET FAIL

< :"-S 
FLAG

READ REGISTER INSTRUCTION
TESTS ARE EXECUTED

S FLAG

YES

ADDRESSING MODES TESTS

ARE EXECUTED

A

SEE NEXT PAGE

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR MICROPROCESSOR BIT

PAGE 5 of 6
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YES

INSTRUCTION EXECUTION
TESTS ARE EXECUTED

:- NO, O SET FAIL

PASS: O FLAG

YES

INSTRUCTION SEQUENCE TESTS,

ARE EXECUTEDI sTAI

NO SE FL

INTEGRATED PERIPHERAL CONTROLLERS
TESTS ARE EXECUTED

NO .LISET FAIL

TEST PASSED

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR MICROPROCESSOR BIT

(CONT)
PAGE 6 of 6
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG'TU.TORIAL PAE o 1

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT ED LIST El TABLE 0 GRAPHIC C1 EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
FOR

MICROPROCESSOR BUILT-IN-TEST

1. Unit Under Test (UUT) is powered up.

2. An initiate BIT signal is generated.

3. A procedure is executed which verifies the proper operation of the MOVE,

COMPARE and BRANCH instructions. These instructions are typically

defined as follows:
" MOV a, Ri: Load register Ri with the contents of memory location a.

" CMP RI, Rj: Compare the contents of RI to Rj and set the Z bit if Rd Rj.

" BEQ a: If the Z bit of the Status Register (SR) is set then branch to

location a.

These instructions must be operational before any further testing can

proceed because they are a kernel which enables testing the execution of

further instructions in the instruction repertoire.

4. If a fault is detected in the Core instructions test, a failure flag is set and

testing is terminated. If no faults are detected, testing will proceed to the Read

Register insuuction tests.

5. A procedure is executed which verifies proper execution of the Read Register

instructions of the microprocessor. The procedure verifies that the proper data is

read and checks for simple faults.

6. If a fault is detected, a failure flag is set. If no faults are detected, testing will

proceed to the M.vemory test.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ,MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 2 of 12

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT E LIST El TABLE [ GRAPHIC [ EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
FOR

MICROPROCESSOR BUILT-IN-TEST
(CONT)

7. A procedure is executed which verifies proper operation of the memory chips.

8. If a fault is detected, a failure flag is set. If no faults are detected, testing will
proceed to the Addressing Modes tests.

9. A procedure is executed which verifies proper loading of registers in all the

addressing modes of the microprocessor. This verifies that all addressing modes

are functional.

10. If a fault is detected, a failure flag is set. If no faults are detected, testing
will proceed to the Instruction Execution test.

11. A procedure is executed which verifies that the Instruction Execution process is

functional. This is accomplished by loading the registers with codewords,

executing an Instruction set, and verifying the proper content of the registers.

12. If a fault is detected, a failure flag is set. If no faults are detected, testing

will proceed to the Instruction Sequence test.

13, A procedure is performed where all possible ordered pairs of instructions are

tested. Ordered pairs of instructions are defined as instructions which are

commonly used together. The following faults are tested for:

1. No data dependence (the sequence fault is independent of the operands

used with the instructions).

2. Pairwise instruction sequence dependence.

14. If a fault is detected, a failure flag is set. If no faults are detected, testing
will proceed to the Integrated Controllers tests.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 3 of 12

SUBCATEGORY: TESI SEQUENCEE DSCKRFI'ION

DATA TYPE: TEXT [ LIST TABLE [ GRAPHIC [ EQUATIONS E
DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
FOR

MICROPROCESSOR BUILT-IN-TEST
(CONT)

15. In general, the fault model for any on-chip peripheral controller is as follows:

1. Registers belonging to the peripheral control device have stuck-at faults.

The result of these faults will be incorrect, or no execution of the device

function.

2. Faults in decoders of the peripheral control device cause incorrect, or no

selection of peripheral control registers.

3. Faults in the control logic of the peripheral causes an incorrect, or no

execution of the controller function.

4. A fault in the on-chip peripheral may cause a side effect in other areas

of the microprocessor which may be detected in its readable registers.

16. If a fault is detected, a failure flag is set. If no faults are detected, the

Microprocessor BIT passed.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BLILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 4 of 12

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT [ LIST [ TABLE - GRAPHIC -  EQUATIONS

DATA:

MICROPROCESSOR BIT
ADVANTAGES

The Microprocessor BIT technique provides the following advantages to the circuit
designer:

d The real estate penalty will be minimal, basically requiring Read Only

Memory (RONI) locations which may be already available if there is

spare ROM space after the design is complete. If an external test
module is required, the real estate penalty will be slightly increased.

Most of the testing done is executed at the operating speed of
microprocessor.

* Monitoring of test results is carried out by the microprocessor itself.

A6



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORLAL PAGE 5 of 12

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT El LIST r TABLE F- GRAPHIC D EQUATIONS

DATA:
MICROPROCESSOR BIT

DISADVANTAGES

The Microprocessor BIT technique poses the following disadvantages to the circuit

designer:

The test memory requirement for Microprocessor BIT can be large

depending on the following factors:

1. Characteristics of the microprocessor.

2. Thoroughness of the tests.

3. Optimization of test code for both fast test execution and

compact test memory size.

" Most of the code must be written in assembly language to test the
microprocessor which is not as readable as high level languages.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 6 of 12

SUBCATEGORY: BIT TECHNIQLE ATTRIBUTES

DATA TYPE: TEXT LIST -- TABLE E GRAPHIC 1-- EQUATIONS

DATA:

MICROPROCESSOR BIT
ATTRIBUTES

1 REAL ESTATE PENALTY

' The number of memory cLps used is proportional to the total memory

requirement of the self-test program used.

* If an External Test Module is required, an additional real estate penalty

will be accrued consisting of:

a. Several registers

b. Control logic circuitry

POWER PENALTY

' Proportional to the number of memory chips.

0 If an External Test Module is required, an additional power penalty

will be accrued.

3 RELIABILITY PENALTY

" Proportional to the Mean Time Between Failures (MTBF) of the memory

chips.

" If an External Test Module is required, an additional reliabilp. renalt>

will be accrued.

4. T[MING PENALTY

* Proportional to the operating speed of the microprocessor and the ;ength

of the test program.

5 CONCEPTUAL COMPLEXITY

" Circuit design is moderate in complexity.

" Extensive software programming is required in assembly languages
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-fN-TEST

CATEGORY: LONG TUTORIAL PAGE 7 of 12

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST TABLE [ GRAPHIC [ EQUATIONS

DATA:

MICROPROCESSOR BIT
ATTRIBUTES

(CONT)

6. TECHNOLOGY

Digital circuitry

7. IS BITE SELF TESTABLE?

Yes

S. DESIGN COST

* All components used are readily available at low cost.

' Software development time of the BIT programs stored in memory is

proportional to the complexity and thoroughness of the tests used.

* Hardware design and debug is minimal.

9. SOFTWARE DESIGN COST

Proportional to the thoroughness of the tests required.

10. WEIGHT

Weight increases as the number of memory chips required increases.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORL,\L PAGE 8 of 12

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT El LIST F1 TABLE [ GRAPHIC [ EQUATIONS E
DATA:

a) SEE FIGURE -" 7OR MICROPROCESSOR BIT LEVEL II BLOCK DIAGRAM

b) SEE FIGURE 4 FOR MICROPROCESSOR BIT DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 11 of 12

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC [ EQUATIONS El
DATA:

MICROPROCESSOR BUILT-IN-TEST
PARTS DATA TABLE

N AREA # OF POWER POWER MAX. WEIGHT
NUMBER/NAME (sq in) PINS TYPICAL(mW) (mW) (gins)

74LS't75/ 0.20 16 60 90 1 9
D FLIP FLOP

SNS4AS08/ 24 14 260 440
AND CHIP

uPD2364A/ .78 24 200 350 3.5
SK ROM

2IC16/ .21 24 10 19
2K RAM
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: LONG TUTORIAL PAGE 12 Of 12

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT [ LIST 7X TABLE - GRAPHIC [ EQUATIONS

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: USER REQUESTFD DATA PAGE 1 of I

SUBCATEGORY:

DATA TYPE: TEXT [ LIST Z] TABLE [ GRAPHIC [ EQUATIONS [
DATA:

QUESTIONS 
VARIABLE

ASSIGNMENT

1. What is the total amount of test memory required in Kbytes? vi

2. What is the operation speed of the microprocessor in Kbytes/sec? v2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BLILT-IN-TEST

CATEGORY. EQUATIONS I AEIof Z'

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT F1 LIST [ TABLE [ GRAPHIC [ EQUATIONS

DATA:
D VARLABLE DEFINITION

n I = Number of Flip Flop chips

n2 = Number of AVND chips

n3 = Number of ROM memory chips

n4 = Number of RA-M chips

v1 = Total number of bytes in the test program (Kbytes)

v2 = Operating speed of the microprocessor (Kbvtes,'seci

[I) COMPONENT DETERMINATION EQUATIONS

ni= 1

n3 = vl,8

n4= 1

[II) PENALTY EQUATIONS

a) AREA (sq in)

Area of BIT chips (.20nI + (.24)n2 - in . '2:)n4
= .65 - (.78)n3

Total area of BIT circuitry (Area of BIT chips) -

15% for PC traces
= 1.15 (Area of BIT chips)

b) WEIGHT (gins)

Weighrof BIT chiDs = (.90)nI + (Q.ln2 + (3.5)n3 - (.95)n4
= 2.95 + (3.5)n3
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROPROCESSOR BUILT-IN-TEST

CATEGORY: EQUATIONS PAGE 2 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT U LST [ TABLE [ GRAPHIC C1 EQUATIONS [

DATA:
b) WEIGHT (CONT)

Total weight of BIT circuitry = (Weight of BIT chips) +
10% For weight of solder
= 1.1 (Weight of BIT chips)

II) PENALTY EQUATIONS (CONT)

c) POWER (mW)

Total power consumption of BIT chips = (60)nl + (260)n2

+ (200)n3 + (10)n4 = 330 + (200)n3

d) TEST TIME

Total time for microprocessor BIT = vl/v2

- 57 -



PARAGRAPH 6.3

MICRODIAGNOSTICS
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODIAGNOSTICS

CATEGORY: SHORT TUTORIAL I AE1 Of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT El LIST E TABLE C] GRAPHIC C EQUATIONS E

DATA:

SHORT TUTORIAL
FOR

MICRODLAGNOSTICS BIT TECHNIQUE

Microdiagnostics is a diagnostic bit technique that is implemented by microprogram-

ming on a microcode level. It has been shown that by implementing a Built-In-Test

(BIT) test on the microcode level in a microprogramming environment, hardware'soft-

ware utilization is optimized. This solution eliminates the need for a hardware inten-

sive approach compared to a microcode level BIT running out of firmware or secon-

dary storage.

The technique involves partitioning an area of the "micro-program-store" to support a

small BIT routine, which would be executed by a macro instruction that could be called

RUNBIT. When the OPCODE for RUNBIT is encountered in an external program. the

specified address of the BIT routine would be vectored to.

This micro-coded BIT would verify operation of the processor circuitry by testing all

its elements. The register stack and all internal Random Access Memory (R.-AVl can

be exhaustively checked. A checksum can be generated for micro-program store and

compared with a previously stored value. All Arithmetic & Logic Unit (,.LU) functions

can be checked along with the associated flags and status bits. Data can be routed

along all points of the internal buses to verify operation of the multiplexing circuitr-y

This BIT could either be run as a subroutine, that is, all status and contents of registers

placed on stack before execution and restored after BIT is completed, or it could be a

stand alone procedure which initializes the processor after completion.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: NICRODLAGNOSTICS

CATEGORY: SHORT TUTORL-L PAGE 2of 4

SUBCATEGORY: 1. LEVEL I BLOCK DL-GRAM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT [ LIST [ TABLE El GRAPHIC [] EQUATIONS E
DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROD[AGNOSTICS

CATEGORY: LONG TUTORIL -7PAE I of ii]

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: rEXT E LIST El TABLE E GRAPHIC [ EQUATIONS 7

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
MICRODIAGNOSTICS BIT TECHNIQUE

1. Macro instruction "R-NBIT" is called to initiate testing.

Perform checksum of all program memory.

Step "ALU" through all functions. Check status and flag bits.

Walk a one through register banks.

Perform software interrupt test.

Walk various data patterns along internal bus and check system

multiplexing paths.

2. If all tests pass, restore status of memory and registers to the original status before

RUNBIT was called.

3. If test fails, put known status word on data bus to indicate faiiure code. This result

can be output from Line Replaceable Module (LR.M) to rest of system.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODIAGNOSTICS

CATEGORY: LONG TUTORIAL PAGE 2 of

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT [ LIST El TABLE E GRAPHIC [ EQUATIONS E
DATA:

MICROD[AGNOSTICS BIT TECHNIQUE
ADVANTAGES

1. No software overhead due to microcode "RUNBIT" program.

2. Because the BIT is on a microcode level, BIT will run at a fast rate.

3. Provides quick confidence level because of fast BIT.

4. Can check internal microcomputer circuitry, as well as peripheral chip functions.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROD[AGNOSTICS

CATEGORY: LONG TUTORIAL PTAG6E 3 of I I

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT - LIST [ TABLE 0 GRAPHIC E EOWJATIONS [

DATA:

MICRODIAGNOSTICS BIT TECHNIQUE
DISADVANTAGES

1. Possible large hardware requirements due to size of microcode program memory

needed to handle BIT test. Example: Large BIT slice configurations with limited

memory.

2. Because BIT is constrained to micro program memory It will have to be small in

nature and may not check all of the BIT slice configuration.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: 1,ICROD (AGNOSTICS

CATEGORY: LONG TUTORIAL PAGE 4 of 11

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C2 LIST 2 TABLE C] GRAPHIC 0 EQUATIONS E
DATA:

MICRODIAGNOSTICS BIT TECHNIQUE
ATTRIBUTES

I. REAL ESTATE PENALTY -

" None, as long as memory is available for BIT test.

If memory not available, Read Only Memorys (ROMs) should be

added proportional to microcode program and extent of peripheral

circuitry.

2. POWER PENALTY -

Roughly proportional to real estate penalty example:

Power Penalty = % Real Estate Penalty X Circuit Under Test (CUT)

Normal Power

" Execution - Some ROMs have power down mode

" Switch technology - Use Metal Oxide Semiconductor (NMOS) RONIs

for higher density

3. RELIABILITY PENALTY -

Proportional to Real Estate Penalty, if similar technology is used or

Built-In Test Equipment (BITE) as for CUT.

4. TIMING PENALTY -

6 Test Time Duration - Number of BIT instructions multiplied by the

average execution time of instructions.

5 NON-CONCURRENT

6. CONCEPTUAL COMPLEXITY - Straight forward
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODLAGNOSTICS

CATEGORY: LONG TUTORIAL PAGE 5 of I1

SUBCATEGORY: BIT TECHNIQUE ATTRIBL-ES

DATA TYPE: TEXT [ LIST El TABLE [ GRAPHIC E EQUATIONS

DATA:

MICRODLAGNOSTICS BIT TECHNIQUE
ATTRIBUTES

FLARDWAREiSOFTWARE,'COMBO - HARDWARE

Test patterns or instruction code in firmware

8. TECHNOLOGY -

. All current digital technologies

. May use higher density technologies for RONI to reduce any extra reji

estate penalty.

9. [S BITE , 7LF TESTABLE -

* Can do checksum on all memory including BIT.

* Can use serial shadow resistors diagnostic registers to monitor BIT

10. DESIGN COST -

Minimal due to microcode and no hardware design.

I I FIRM WARE DESIGN COST -

* Dependent on microcode ccrnplexir,.

12. N.UMBER OF B'YTES OF STORAGE REQUIRED -

Function of complexity of CUT and memory and number of peripherai

devices.

13. STAND A-LONE (SELF CONTAINED BIT)?

* Yes (i- ROM memory microcode).
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LIBRARY ELEMENT DATA

SUBCATEGORY:BI -CFQEA RB TS

DATA TYPE: TEXT LIST El TABLE GRAPHIC EQUATIONSE

DATA:

MICRODIAGNOSTICS BIT TECHNIIQUE
ATTRIBUTES

t4. WEIGHT -

. Proportional to real estate penalty.

15. COMMERCIALLY AVAILABLE INTEGRATED CIRCUITS WITH TESTABILITY

FEATURES -

ROMs available with shadow registers.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODIAGNOSTICS

CATEGORY: LONG TUjTORLAL PAGE 7 of !

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT [ UST F1 TABLE E] GRAPHIC [ EQUATIONS [

DATA:

a) SEE FIGURE 3 FOR MICRODIAGNOSTICS BIT LEVEL II BLOCK DLXGRA A

b) SEE FIGURE 4 FOR MICRODIAGNOSTICS BIT DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: M[CRODLAGNOSTICS

CATEGORY: LONG TUTORIAL PAGE 10of 11

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT El LIST [ TABLE [] GRAPHIC [1 EQUATIONS F1

DATA:

AREA # OF POWER POWER MAX. WEIGHT
(sq in) PINS TYPICAL(mW) (mW) (gms)

MM5220 0.375 24 150 325 NA
ROM
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODIAGNOST[7ICS

CATEGORY: LONG TUTORIAL PAGE II of ii

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT 0 LIST CE TABLE [] GRAPHIC F1 EQUATIONS E

DATA:

1. T. Sridhar and J.P. Hayes, "Testing bit-sliced miczoprocessors" in Proc. 9th Int.

Conf. Fault-Tolerant Computing. Madison, WI: IEEE Comp. Soc. June 1979 PP

211-218.

2. The AM2900 Family Databcak, Advanced Micro Devices, Sunnyvale, CA., 1976.

3 D.P. Fulghum," Automatic Self-Test of a Microprocessor System", Proc.

Autotestcon 1976, Arlington, Texas, Nov. 1976. PP 47-52 (Abstracts in IEEE

Trans, Aerospace and Electronic Systems, Vol, AES-13 No. 2, March 1977).
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICROD [AGNOSTICS

CATEGORY: USER REQUESTED DATA PAGE I of

SUBCATEGORY:

DATA TYPE: TEXT [ LIST CK TABLE E GRAPHIC [ EQUATIONS -

DATA:
QUESTIONS VARIABLE

ASSIGNMENTS

1. How many microcode BIT lines are used by the CPU. v1

2. How many BIT Instruction words are required to be stored in v2

the addirronal ROtvs?

3. What is the test pattern application rate? v3

4. What is the estimated initialization time? v4



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: MICRODLAGNOSTICS

CATEGORY: EQUATIONS PAGE I of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [ LIST - TABLE [ GRAPHIC [ EQUATIONS [

DATA:

1) VARIABLE DEFINITION

nil = Number of ROM chips

vi = Number of micro,.ode BIT data lines used by the CPU

v2 = Number of BIT instruction words to be stored in additional ROMs

v3 = BIT instruction execution rate

v4 = Estimated initialization time

II) COMPONENT DElERMINATION EQUATIONS

nl = (vli8)(v2/2048)

v1 <= 120

v2 <= 6144

I1) PENALTY EQUATIONS

a) AREA (sq in)

Total area of PIT chips (0.375)nI

Total area of BIT circuitr, = Total area of BIT chips)

15% FOR PC traces

- 1.15 (total area of BIT chips)

b) WEIGHT (gms)

Weight of BIT chips = (6.5)nl

Weight of BIT circuitry = Weight of BIT chips lo-1% For ,.,eight

of solder = 1.1 (Weight of chips)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: M,1ICRODL-\GNOSTICS

CATEGORY: EQUATIONS PAGE 2 of

SUBCATEGORY: (DATA NOT TO BE DISPL'YED)

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC [ EQUATIONS ,

DATA: c) POWER (mW)

MAX POWER = (325)nl

111) PENALTY EQUATIONS

d) TEST TIME

TEST TIME = (v2)(v3) + v4
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PARAGRAPH 6.4

ON-BOARD INTEGRATION
OF VLSI CHIP BIT (OBIVCB)

TECHNIQUE
DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: SHORT TUTORLAL PAGE i of 5

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT E, LIST El TABLE C1 GRAPHIC [ EQUATIONS W
DATA:

SHORT TUTORLAdL
FOR

ON-BOARD INTEGRATION OF VLSI CHIP BIT (OB[VCB)

OBPVCB is a technique which makes extensive use of Built-In-Self-Test (BIST) inter-

nal to integrated circuits resident on the circuit board. It does this by providing a

"Processor Test Node" on the board, which is capable of addressing a variety of chip

Built-in-Test (BIT) approaches. For instance, the processor node will be capable of

supplying pseudo-random test patterns and collecting signatures for the integrated cir-

cuits which contain internal scan circuitry. It will also be capable of initiating and

regulating self-test on chips that contain a BIST. Additionally, it will be capable of

testing chips which contain no BIST circuitry by running a conventional BIT stored in

Processor Node firmware.

In general, the Processor Node will coordinate chip self-testing, allowing for parallel

testing, and taking advantage of the more current techniques of self-rest.

Types of BIT supported by OB[VCB:

Scan path techniques

i iternally supported scan, boundary scan Test and leasurement (TM%)
bus. i.e. pseudo-random pattern generation and signature analysis is
provided on chip.

Visibility block approach: Built In Logic Block Observer iBILBO).
shadow registers, configurable test points etc...

Conventional B[ST with chip fail or sta.us flags.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLS[ CHIP BIT

CATEGORY: SHORT TUTORIAL PAE2 of 5

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM

2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT El LIST E TABLE E GRAPHIC [ EQUATIONS E]
DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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'I - THIS INCLUDES A S BI
CHECKSUM ON ALL PROCESSOR

ROM, WALKING ''Is TEST ON
ALL RAM AND EEPROM AND

INTERNAL REGISTERS, AND THE
IMPLEMENTATMON OF A

WATCHDOG-TIMER ROUTINE. PERFORM SELF-TEST
IF THE TIMER 'TIMES OUT' THE ON PROCESSOR TEST NODE
'FATAL ERROR' FLAG IS SET.

i , NO-GODI

ASSERT 'FATAL ERROR' SCAN 'SEED' VALUES
FLAG INTO SCAN/SET

REGISTERS

LEAVE REGISTER IN PLACE SCAN/SET REGISTERS NEXT PATH

TRANPARENT (FLOW-THRU) INTO LSFR MODE AND
MODE AND PLACE ALL INITIATE TESTING

CONTROL LINES IN NORMAL _

OPERATIONS NODE.
WAIT FOR LSFR ACTIVITY

TO COMPLETE."2"

CTNUE

_______ PLACE REGISTERS INTO 1
I-SCAN MODE AND SCAN

•2" - THIS TIME INTERVAL IS OUT SIGNATURE VALUES
DETERMINED BY THE TEST

CLOCK PERIOD, THE TOTAL _

NUMBER OF LFSR STAGES
AND THE NUMBER OF BLOCKS

WHICH MUST BE TESTED STORE SIGNATURE IN
SEPARATELY. EEPROM (IF AVAILABLE)

OTHERWISE IN RAM

A B

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR OBIVCB

PAGE 4 of 5
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YES

NOW TEST THE BLOCKS THAT
ARE NOT UNDER CONTROL OF

THE REGISTERS SUCH AS
RAM, ROM, ETC .....

EMPLOY CONVENTIONAL
TESTING METHODS HERE

STORE THE RESULTS OF
THESE BLOCKS IN EEPROM

(IF AVAILABLE) OTHERWISE IN RAM

COMPARE THE STORED EEPROM
STATUS WITH KNOWN

GOOD VALUES

IF ERRORS WERE ENCOUNTEREDTHEN SET THE 'ERROR' FLAG.

CONFGURE SCAN/SET Q C LHEGISTERS
iN TRANSPARENT OR

FLOW-THROUGH MODE AND
PLACE ALL CONTROL LINES IN

NORMAL OPERATION MODE.

FIGURE 2 (CONT) BIT SEQUENCE FLOW CHART
FOR OBIVCB
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORIAL PAGE 1 of 13

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT [:1 LIST C2 TABLE E1 GRAPHIC E EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
UN-BOARD INTEGRATION OF VLSI CHIP BIT (OBVCB)

1. BIT is initiated either upon power-up or externally by a pulse. A reset pulse is sent

to all chips which can be initialized, as well as the processor which vectors it to a
self test procedure.

2. The Test Processing Node performs a self test. This includes a complete test of

readA/wite memory as well as checksum tests on all program memory. All registzrs

are tested and a "watch-dog" timer routine is implemented.

3. Upon successful completion of (2), the processor reads a cunfiguration block in
memory which tells it such things as:

* which and how many ScanSet (S/S) registers need to be initialized.
* which test loops should be assigned to which registers.
* place S/S register in pattern generation, signature, or scan mode, for

example.
. which loops can be run concurrently.
. which "seeds" to place in S/S registers.

4. Scan seed values into S/S registers, set loop sequencer multiplexer, and Send signal

to execute chip BITs.

5. When this wave of testing is completed (either by establishing pseudo-randorn

pattern length or by waiting for external chips handshake signal) configure S, S
registers in serial scan mode and scan values into the processor node. Results may

be stored in Elecmcally Erasable,, Programmable Read Only Memor; i EEPROM% i
one is used.

.5. If there are chips that need to be tested separately then repeat steps 14) and (5)
until all scannable integrated circuits are accounted for.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORIAL PAGE 2 of 13

SUBCATEGORY: TEST SEQUENCE DESCRIPTION

DATA TYPE: TEXT 0 LIST [] TABLE [] GRAPHIC 0 EQUATIONS E,

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
ON-BOARD INTEGRATION OF VLSI CHIP BIT (OBIVCB)

(CONT)

7. Now, if there are blocks which require conventional testing, branch to the area

where BIT firmware resides in Test Node program memory and perform this BIT

by exercising stimulus and response vectors via the test bus.

8. Examine the results of all testing as stored in EEPROM and if errors exist set

ERROR flag.

9. Send signal to circuit under tesc to initiate or resume normal operation and tristate

all Test Processor Node buses.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF 'V-LSI CHIP BIT

CATEGORY: LONG TUTORI-AL PAGE 3 Of 13

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT [1 LIST CE TABLE 0 GRAPHIC E EQUATIONS E
DATA:

ON-BOARD INTEGRATION OF VLSI CHIP BIT
ADVANTAGES

I. In defining a Test Processor Node architecture, a standard hardware interface is

achieved which can be used for widely varying chip BITs. This standard can later

be put into a gate array or standard cell, making implementation as simple as

designing in a single chip.

2. Because a dedicated processor is used, it is extensible and easily modified by

rewriting firmware.

3. In making extensive use of scan path, pseudo-random pattern gener-rion, and sig-

nature analysis, minimum analysis is required from the designer as Lhis is a hard-
ware, rather than software, driven test.

4. Linear Feedback Shift Register (LFSR) theory, the basis of pattern generaticn

signature analysis, is well established and documented. Its exhaustive level of fault

detection has been the subject of several papers.

5. In tying together various chip BITs with a single Processor Node, a hierarchical rtet

structure is built which is well defined and maintainable. This idea can be ex-
tended from the card to the box and system levels.

6. Also for the above reason, a hardware / software balance is achie,.ed. allowing r;me

costs and chip costs to be worked into project budgets more easily than an approach

which is radically hardware or software intensive.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORIAL PA7GE 4 Of 13

SUBCATEGORY: BIT SEQUENCE DISADVANTAGES

DATA TYPE: TEXT LiST [ TABLE [ GRAPHIC 0 EQUATIONS C]

DATA:

ON-BOARD INTEGRATION OF VLSI CHIP BIT (OB[VCB)
DISADVANTAGES

I. This approach requires the circuit under test to be largely self testing; that is, it
assumes that BIT is included in most of the chips, especially the Very Large Scale
Integration (VLSI) and Very High Speed Integrated Circuits (VHSIC) devices.

2. A Processor Test Node is required, whi!e not comprising an unreasonable amount
of hardware for testing a board of complex logic, may be over kill if the logic is
accessible and not particularly complex. Each application has to be evaluated

separately on the basis of need.

3. The test hardware has been optimized for scan path type testing. While it can
handle other approaches as well, it tends to constrain circuit design, both on the

board level as well as the chip level, to this type of sn-ucrure.

4, Including testability on chip, by providing test cells in Application Specific Integra-

tion Circuits (ASiCs), the effective level of on-chip integration drops. Note that in
designing gate arrays, routing becomes progressively more difficult as more of the
gates are utilized. For this reason delays can be introduced in the chip.

5. With the growing popularity of ASICs, the boundary between board level design
and chip level design is becoming fuzzy. OBI7VCB calls for a level of cooperation
between conventional board level designers and silicon design. Currently, Design
For Test (DFT) on the chip level is not widely implemented.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORIAL PAE 5 of I

SUBCATEGORY: BIT SEQUENCE ATTRIBUTES

DATA TYPE: TEXT 0 LIST [ TABLE [ GRAPHIC [ EQUATIONS L

DATA:

ON-BOARD [NTEGRATION OF VLSI CHIP BIT (OB[VCB)
ATTRIBUTES

1. REAL ESTATE PENALTY -

Defined by base configuration (freu" test loops and eight parallel test

lines). There is a small initial jump as configuration expands beyond the

base and increases linearly with serial and parallel growth. Control lines

increases as the log of the number of test loops. Actual area is given for

Dual-In-Line Packages (DIPs) and can be reduced if modem packaging

techniques are employed; i.e. Small Outline Packages, Pin Grid Arrays,

and Plastic Leaded Chip Carriers.

2. POWER PENALTY -

Roughly linear with expansion and very dependent on technology used.

For instance, if Complementary Metal Oxide Semiconductor lCMOS;

implementations are employed the power savings are the greatest.

3. RELIABILITY PENALTY -

* More dependent on the number of packages than on equraient num-er

of gates. This suggests using as highly integrated circuits as :css cie

-. TIMING PENALTY -

0 Timing is divided into nwo groups:

. Serial testing - grows exponentially .vith LFSR leng.h and 5 a _r~c .c"

scanning frequency

Parallel test - via a BIT stored in controiler Read Only MNemor.( RO\I

Proportional to che complexity of the Circuit Under Test (CUT) to Ie

tested by the parallel bus. Expansion of the Parallel lines ;hould ha'e 2

effect on test time.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORIAL PG f1

SUBCATEGORY: BIT SEQUENCE ATTRIBUTES

DATA TYPE: TEXT [ LIST ] TABLE E GRAPHIC E EQUATIONS E
DATA:

ON-BOARD INTEGRATION OF VLSI CHIP BIT (OBPVCB)
ATTRIBUTES

(CONT)

5. CONCURRENCY -

This approach is non concurrent.

6. CONCEPTUAL COMPLEXITY - Embodies two ideas:

" Embedded controller with standard BIT stored in firmware.

" Linear Feedback Shift Register theory and its artendant scan-path

testing schemes.

While both these approaches have been well established in the test

industry, the idea of combining them in this particular way has not.

7. HARDWARE/SOFTWARE TRADEOFF -

LFSRs require only initial 'seed' values, and the capability of scanning

signatures into the processor. This minimizes software and makes use of

a highly compact hardware algorithm.

8. TECHNOLOGY-

This design lends itself to a technology with a good power/integration

product. CMOS III is an example of a good process for this.

- 88 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG ThTORLAL PAGE -7 of 13

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT E: LIST [] TABLE [] GRAPHIC CE EQUATIONS E
DATA:

a) SEE FIGURE 3 FOR ON-BOARD INTEGRATION OF VLSI CHIP BIT LEVEL 1I

BLOCK DIAGRAM - TEST PROCESSOR NODE

b) SEE FIGURE 4 FOR ON-BOARD INTEGRATION OF VLSI CHIP BIT LEVEL III

WIRING DIAGRAM - TEST PROCESSOR NODE

c) SEE FiGURE 5 FOR ON-BOARD INTEGRATION OF VLSI CHIP BIT LEVEL If[

WIRING DIAGR.tAMl - TEST PROCESSOR NODE (CONT)

d) SEE FIGURE 6 FOR ON-BOARD INTEGRATION OF VLSI CHIP BIT LEVEL I

WIRING DIAGRAM - I OF 4 SCAjNiSET REGISTERS - DETAIL

- 39 -
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOAKD INIEUKATIO-N OF %13i CHIP BT

CATEGORY: LONG TUTOTL-L PAGE 12 of 13

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [ LIST C] TABLE [] GRAPHIC - EQUATIONS I

DATA:

NUBRNAE() AREA # IOF POWER POWER MAX. WEIGHT
(sq in) PINS TYPICAL(mW) (mW) (gins)

.05 '_1 1) 1 20 40 1"5 )00 50 0U

0I"A I O 000 50 ,)' 4

54HCT253 1 0.24 16 0.150 0 500 .)

5KCTI3S 11) 0.30 20 0.!50 25

54LS73 ', 0.30 20 0. 135 ) 00

SCAN / SET REGISTER COMPONENTS (FOUR REQUIREDi

54HCT2"3 0.30 20 ;o250 3

54F20 ([ 0.21 14 i3o 000

5-4HCT ) "2) 0.21 14 ).' 5

DG ii 1 (1) 0.21 14 0.500 ! 1) .. t

5JHCT14 1 14 i5

SCAN/SET TOTALS: 1.65 110 130 185 6.7

IPER REGISTER)

3PAND TOTALS: 9.14 564 995 2.200 33.3



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSI CHIP BIT

CATEGORY: LONG TUTORLAL PAGE 13 of I3

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT [ LIST TABLE [ GRAPHIC E EQUATIONS

DATA:

1. V.R. Subramanyam, L. R. Stine, (TRW), "Design for Testability for Future Digital

Avionics Systems", IEEE, 1986. Describes a Module Maintenance Node wvhich is

the basis for the Test Processor Node in the OBfVCB.

2. R. Frohwerk,

"Signature Analysis: A New Digital Field Service Method", Hewlett-Packard, t9 - .

Includes a good tutorial on Linear Feedback Shift Registers.

3. LeBlanc, "LOCST - LSSD On Chip Self Test", IEEE Design & Test of Computers.

1934.

4. D. Bacht,

"Understanding Signature Analysis", Electronics Test, Nov. '82, pg. 28.

5. B. Konemann, Joaciim Mucha and Gunther Zwiehoff, "Built-in logic block ob-

server", I.E.E.E. Test Conference, Cherry Hill, NJ, 1979.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGR.ATION OF VLS[ CHIP BIT

CATEGORY: USER REQUESTED DATA PAGE of

SUBCATEGORY:

DATA TYPE: TEXT E LIST CE TABLE [ GRAPHIC E EQUATIONS

DATA:

QUESTIONS VARLALE

ASSIGNMENTS

1. What is th,= number of test loops beyond the four in minimal v I

configuration needed?

2 What is the number of parallel test lines in groups of eight.,

beyond the eight already provided?

3. What is the pattern application rate?

4. What is the number of test patterns stored in memory for vd

paraikel testing?

5. What is the initializ.,tion time? V5

6. What is the length of the Linear Feedback Shift Registers? ,6

- 96 -
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD 1NTEGRA-TION OF % S[ CHIP BIT

CATEGORY: EQUATIONS PAGE , of

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST E] TABLE El GRAPHIC [ EQUATIONS

DATA:

1) VARIABLE DEFINITION

nl = Minimum configuration

v1 = Number of test loops needed beyond the four of the minimum con-

figuration.

v2 = Number of parallel test lines in groups of 8 beyond the eight already

provided.

v3 = Test Pattern application rate.

v4 = Number of Test Patterns stored in memory tor parallel testing.

v5 = Initialization time.

v6 = Length of Linear Feedback Shift Pegisters.

I) COMPONENT DETERMINATION EQUATIONS

nt = I

III) PENALTY EQUATIONS

AREA (sq in)

Area of BIT chips = 9 44 nI + 1.65 vl + 0.30(v2)

Total area of BIT circuitry = Area of BIT chips -

15% For PC traces

= I.5 (Area of BIT chips)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD INTEGRATION OF VLSi CHIP BIT

CATEGORY: EQUATIONS PAGE 2 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST E TABLE E GRAPHIC 1 EQUATIONS
DATA:

111) PENALTY EQUATIONS (CONT)

WEIGHT (gms)

Weight of BIT chips = 33.3n] + 6.7 vI (1) (v2)

POWER (mW)

POWER = (2.2)nl + 0.185 vI + 0.02 (v2) (Watts maximum)

TIMlE

TEST TIME = + (v6)(v3) + (v3)(v4)
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PARAGRAPH 6.5

BUILT-IN LOGIC
BLOCK OBSERVER

(BILBO)
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISR.PRP(jw BIT

CATEGORY: SHORT TI-TORL-kL- PAGE of

SUBCATEGC)Ry: DESC(RIPTION OF BIT FECHMIE

DATA TYPE: TEXT E-Y LIST E TABLE j GRAPHIC 7- EQUATIONS _

DATA:

SHORT TLhTORLAI
FOR

BILBO IMJISRPRPG) BIT

Buiit-In Logic Block Obser-;er I BILBO) is a mnultifunctional circLuit Acacan ~

tiaured as any of the following:

I1. Latch

2.L~near shift register

3. MIultiple Input Shift Register 'MISRI or Pseudo Random Pattern G~r:~

(PRPG)

4. Reset the register

Specific configurations are obtained by the application of 2 mode ccnicrcl ois~ B~L'

circuitrN can be used to perform signature analysis using a pseudo rancdom patter-n

=7enerator (PRPGj and a multiple input signature register (MISR) %xhich is an ec.

method of testing complex digital circuitry. The foundation of this Built-ln-Te ,- Bi-

technique is built on the fact that for a given set of itimuli a C rcuit Lncer I~ Tf,

,,ill output a particular digital stream. Lsing the data compression techniqu.-
:ur anlyis. an output signature 3ccumuae a e~' d. I\

'ion of the application of a givien set of stLimuli, the contents io r nt \!1S.R

compared against the known 2ood signature. Ifi~l~ tir ~ -he L_ T

circuitrry must be done prior to the execution )f this technique 8v 'rl'zing the BILB()

circuit, initialization can be easily achieved using scan-path technmques T -

io -'LBO allow- s for the combination of a number BIT techniQ,_zs. ram,::a

'VIISRPRPG. This combinatior is especially useful % e-n testing cor t~ni

,cages eparated by latches. Some of these latches aire replaced -xith a BILB:()

During nor-mal opera!1on. the ci)-iBO icrc: naidentiCal tc aI?

-99/100-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO \IISRPRPG, BIT

CATEGORY: SHORT TuTORLAL 'PAGE :of

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE- TEXT [ LIST [ TABLE - GRAPHIC EQUATIONS __

DATA:

SHORT TUTORLAL
FOR

BILBO (%IISR,PRPG) BIT
(CONT)

Du.ring test initialization each BILBO is configured i a serial shift re - ,tr, and ir.

Exhaustive Test Initialization Pattern (ETIP) is shifted into the circuit. The BILBGs at-

then configured into a PRPG and MISR. This allows for complete testing of !fe LLT



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO ("YISP PRPG) BIT

!CATEGORY: SHORT TUTORI-L PAGE of

SUBCATEGORY: 1. LE\EL I BLOCK D[--OG.RA,,
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT F- LIST E TABLE GRAPHIC Z EQUATIONS

DATA:

SLBCATEGORY 1: SEE FIGURE I

SUBCATEGORY 2. SEE FIGLRE 2
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POWER UP UUT

~ INITIATE BIT _

SHIFT IN ETIP

CONFIGURE BILBO (a)
TO A PRPG

CONFIGURE BILBO (b)
TO A MISR

--0 -BEGIN RANDOM

SELF TESTING

ACUA SGATREWTHGODNO SET
MACHIE SIGATUR FAIL FLAG

_. YES

S TEST PASSED

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR BILBO (MISR/PRPG) SIT

PAGE 5 of 5
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRPRIG) BIT

CATEGORY: LONG TUTORL-L PAGE 1 of

SUBCATEGORY: BIT SEQUENCE FLOWCHART DESCRIPTION

DATA TYPE: TEXT_[ LIST _] TABLE_[ GRAPHICE EQUATIONS__

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
BILBO (MISRI'PRPG) BIT

1. Unit Under Test (LUT) is powered up.

2. kn initiate BIT signal is generated.

3. Using the BILBOs as shift registers, an Exhaustive Test Initialization Pattern iETIP)

is scanned into the CUT.

4. BILBO(a) is configured to a Pseudo Random Pattern Generator (PRPG) and

BILBO(b) is configured to a Multiple Input Signature Register (MISR).

5 Random testing is executed.

6. BILBO(b) now contains the CUT signature which is fed into the S bit comparator

If the CUT signature does not match the Good Machine (GM.) signature, a falure

flag is set. If the CUT signaturt matches the GI signature, the te-st ed

- 105-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRiPRPG) BIT

CATEGORY: LONG Tu-rORL-kL PAGE 2 of I1I

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC [ EQUATIONS _

DATA:

BILBO (MISR/PRPG) BIT
ADVANTAGES

The BILBO (PRPGJMISR) BIT technique provides the following advantages to the cir-

cuit designer:

1. One circuit design can be used for multiple functions giving the advan-

tages of commonality (custom integrated circuit design can be made and

used in many places).

2. The versatility of BILBO allows the designer to combine the advantages

of SC,N techniques with PRPG/\,IISR techniques.

3. The test data is gathered at the rated internal speed of the integrated

circuits.

4. A much higher failure detection rate is achieved when compared to other
techniques such as transition counting.

5. Minimal software support is required.

- L06-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRPRPG) BIT

CATEGORY: LONG TLhTORL-AL PAGE 3 of 11

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC , EQUATIONS _

DATA:

BILBO (MISR,,PRPG) BIT
DISADVANTAGES

The BILBO (PRPG/NIISR) BIT technique poses the following disadvantages to the c:r-

cuit designer:

1. BILBO must be incorporated in the CUT as part of the original design

of the circuit.

2. BILBO modules are more complex than the latches they replace. This

results in additional circuitry.

3. Limited Test Vector Set which is more effective with high amount of

combinational logic circuitry.

4. Circuit throughput delay will increase if BILBO is used as an input or

output register.

- 107 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO {\IISRPRPG) BIT

CATEGORY: LONG TUTORAL PAGE 4 of

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC EQUATIONS

DATA:

BILBO ('IISR,'PRPG) BIT
ATTRIBUTES

1. REAL ESTATE PENALTY

BILBO modules latches are more complex and take up more area than the

conventional latches they replace.

Some test control logic is also required.

* The comparator which compares the good machine signature to the actual

signature takes up area.

2. POWER PENALTY

Proportional to the power dissipated by the test control logic, the additional

circuitry of the BILBO module and the comparator.

3 RELIABILITY PENALTY

* Proportional to the Mean Time Between Failures (.MTBF) of the Test Control

Logic, the BILBO module and the comparator.

4 TIMING PENALTY

Operation speed is slowed due to the following:

- Propagation delay through the data inputs A\ND gates on the BILBO

cell.

:. CONCEPTUAL COMPLEXITY

Circuit design is moderate in complexin'.

- 108 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRPRPG) BIT

CATEGORY: LONG TUTORIAL PAGE 5 of I!

SUBCATEGORY: BIT TECHNQLE ATTRIBUTES

DATA TYPE: TEXT C] LIST C TABLE FE GRAPHIC [ EQUATIONS

DATA:

BILBO (MISR,'PRPG) BIT
ATTRIBUTE

(CONT)

6. TECHNOLOGY

" All current digital technologies

IS BITE SELF TESTABLE?

" Yes, with additional hardware.

S. DESIGN COST

" All components used are readily available at low cost.

"Hardware design anld debug is minimal.

10. WEIGHT

* Proportional to the weight of the test control logic, the additional circuitr of

the BILBO module and the comparator.

- 109-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRPRPG) BIT

CATEGORY: LONG TUTOR.L.XL PAGE 6 of I I

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT [ LIST E TABLE [ GRAPHIC [ EQUATIONS Z ,
DATA:

a) SEE FIGURE 3 BILBO (MISRJPRPG) BIT LEVEL 1I BLOCK DIAGRAM

b) SEE FIGURF. 4 BILBO (,MISRJPRPG) BIT DEFAULT DESIGN

c) SEE FIGURE 5 BILBO (MISRPRPG) BIT MODULE

- [LO -
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRPRPG) BIT

CATEGORY: LONG ThTORLAL PAGE 11 of

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [] LIST E TABLE [ GRAPHIC E EQUATIONS _-

DATA:

i N

AREA 4 OF POWER POWER MAX. WEIGHT
NUMBER1 NAME (sq fn) PINS TYPICAL (mW) (mW) gns)

7-4 LS [ / 20 16 0 90

D FLIP FLOP

SN54AS08, 0 24 14 2'0 440

AND CHIP

SN54AS2 ' 0 23 :4 30') 54)
AND CHIP

SN54AS32, , 23 14 30) 54,'0
OR CHIP

SN5-AS5 , 3' 24 50)
CO\IPARATOR

SN4A5 - f ',5 " ,3 4 44 '"

BIT COLNTER

'f.5S , 0 23 4 33,) 4'j
\R

5-41.S 0, 2-3 43 ),
EXO(DR

S 4.LS1, ") 1 3,. ,)< .
"A-: D



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MIISR.PRPG) BIT

CATEGORY: LONG TUTORIAkL PAGE Il of i

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT LIST ZI TABLE EGRAPHIC Z EQUATIONS _

DATA:

BILBO - Built-In Logic BlocK Observation Techniques

-Koenemann, Mucha, Zwieoff - 1979) IEEE Test Conference

SI 1 Segers - 1981 IEEE Test conference -

A Self-Test Method for Digital Circuits

STUM-,,PS - Self Testing of Multi Chip Logic Modules

82 - Bzrdell. Mc.,nnev - 1982 IEEE Test Conference

S3 - Komronysky - Electronics 19S3 -

Synthesis of techniques creates complete system self-test

S4 - Butt. EI-ziq - 1984 International Test Conference -I

Impact of Milxed-Mode. Self-Test On Life Cycle Cost Of VLSI Based Desizrns

-Bhaivsir - 19S5 international Test Conference-

"Concaienable Polvdi,-iders". Bit-Sliced LFFSR Chips For Board Seif-Test

-K ranie'xki Albilcki -Sf-Tzstin2 PRpeiinei



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (M[ISRI'PR-PG) BIT

CATEGORY: USER REQUESTED DATA PAGE of

SUBCATEGORY:

DATA TYPE: TEXT [ LIST L] TABLE E GRAPHIC EQUATIONS -

DATA:

QUESTIONS \VARL-kBLE

ASSIGNMENTS

1. How many inputs? V1

2. How many outputs? 2

3. What is the operating speed of the system clock?

4. What is the CUT initialization time? v4

5 How many test patterns will be applied? v5



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISR,,PRPG) BIT

CATEGORY: EQUATIONS PAGE I of 3

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [1 LIST E TABLE E GRAPHIC [ EQUATIONS
DATA:

I) VARIABLE DEFINITION

nl = Number of FLIP FLOP chips

n2 = Number of 2 input A.ND chips

n3 = Number of 4 input AND cnips

n4 = Number of 2 input OR chips

n5 = Number of 8 bit COMPARATOR chips

n6 = Number of COUNTERS

n7 = Number of BILBO AND gates

n8 = Number of BILBO NOR gates

n9 = Number of BILBO NAND gates

n10 = Number of BILBO EXOR gates

n 11 = Number of BILBO FEEDBACK EXOR gates

n12 = Number of NOR chips

n13 = Number of EXOR chips

n14 = Number of NAND chips

vi = Number of CUT inputs

I IL7-



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MISRiPRPG) BIT

CATEGORY: EQUATIONS PAE 7o
SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC E EQUATIONS [

DATA:

I) VARIABLE DEFINITION (CONT)

v1 = Number of CUT outputs

v3 = System clock speed

v4 = CUT initialization time

v5 = Number of test patterns

I) COMPONENT DETERMrNATION EQUATIONS

ni =I

n2 = Integer [(3 + vi +v2)/4 + 0.991

n3= I

n4 = I

n5 = Integer [v2/8 + 0.991

n6= I

n7 = vl -v2

n8 = v I + v2

n9 = 2

nIO = v1 + v2

nil = Integer [Natural Log (vI v2)/Natural Log 2 - 1991

n12 = Integer [(vi - v2)/4 + 0.991

n13 = Integer [(n10 + n11),'4 - 0.991

n14 = I

- 118 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: BILBO (MvISRYR.PG) BIT

CATEGORY: EQUATIONS } AGS f

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST E TABLE GRAPHIC E EQUATIONS
DATA:

111) PENALTY EQUATIONS

a) ARE-A (sq In)

AREA OF BIT CHIPS =.2"n1 + .24n.1 + .23n3 + .23n4 + .37n5 - .37n6

.23n12 + .23n13 + .23n14 =1.26 + .24n2 + .37n5 + .23(nl1 -t n13)

TOTAL AREA OF BIT CIRCUITRY =(Area of BIT chips) + 15%' for PC

traces = 1.45 + 1.15 [.24n2 + .37n5 + .23(n12 + n13)]

b) VVEIGHT (gins)

WEIGHT OF BIT CHIPS = .9nl +. 1.1n2 + 1.In3 + 1.1n4 + 1.6n5 + 1.6n6 - 1.1n12

+- l.1n13 + l.1n14 = 5.8 -, I.1(n2 + n12 +n13) +. 1.6n5

TOTAL WEIGHT OF BIT CIRCUITRY =(Weight of BIT chips) + (10%: FOR

Weight of solder) = 5.8 -,1.I(n2 +~ n12 + n13) + 1.6n5 +.1(5.8 -1.1)(n2 -n12"

n13) + 1.6n5) = 6.4 + 1.1 [1.1(n2 +n12 + n13) + 1.6n5)]

c) POWER (mW)

TOTAL POWER CONSUM,,PTION OF BIT CHIPS = 60n1 + 260Jn2 -300n')

300n4 + 50n5 + 44n6 +300n12 + 300n13 300n14 1 ,004 +260n2

5OnS + 300(n12 + n1.3)

d) TEST TIME

TEST TIME =v4 + (v5)(v3)

- 119 -



PARAGRAPH 6.6

ERROR DETECTION AND
CORRECTION CODES

TECHNIQUE
DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: SHORT TUTORPL-\L tPAGE i of 4,

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT Cn LIST [ TABLE [] GRAPHIC C1 EQUATIONS E
DATA:

SHORT TUTORIAL
FOR

ERROR DETECTION AND CORRECTION CODES

Used as a concurrent Built-In-Test (BIT) Technique, Error Detection and Correction

units provide greater memory system reliability through their ability to detect and

correct memory errors. Using similar techniques as parity, Hamming codes generate

extra encoding bits and appends them to the data word which is to be transmitted or

stored in memory. When the data and extra encoding bits are read from memory, a

new set of code bits are generated. Write check bits are generated when data iS

written into the memory, while read check bits are generated when data is read from

memory. Each is derived from parity generators. Comparison is done by

exclusive-or operation, and like parity, the result of the comparison, called the

syndrome word, contains information to determine if an error occurred. Unlike

parity, the syndrome word also contains information to indicate which bit is in error.

After decoding this information, a flag can be set to indicate if an error occurred

Error correction with single bit errors is accomplished by inverting the bit in error.

Identification of the bit in error by the syndrome word is provided by the binary

value of the bit position.

- 121 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AD CORRECTION CODES

CATEGORY: SHORT TUTORIAL PAGE of 4

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT [ LIST E TABLE [ GRAPHIC [ EQUATIONS _

DATA:
.SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2

-i122 
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GENERATE
i WRITE CHECK BIT FROM

DATA INTO MEMORY

GENERATE
READ CHECK BIT FROM
DATA OUT OF MEMORY

GENERATE
SYNDROME

DECODE
SYNDROME

WORD

NO SET
PASS NO PASSiFAIL

INDICATOR

YES

CORRECT
SINGLE

BIT ERROR

FIGURE 2 BIT SEQUENCE FLOW CHART FOR ERROR
DETECION AND CORRECTION CODES

PAGE 4 of 4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TU'TOR.IA L PAGE I of 10

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
ERROR DETECTION AND CORRECTION CODES

1. Generate write check BIT from data into memory of Unit Under Test (UUT)

logic.

2. Generate read check BIT from data out of memory.

3. Generate syndrome word by exclusive-or operation of the fetched check BIT and
the regenerated check BIT.

4. Decode the syndrome word to determine which BITs are in error.

5. Set FAIL indicator if error flag is set.

6. Correct the detected BIT error and send to Line Replaceable Module (LRM)

output.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTORIAkL PAGE 2 of 10

SUBCATEGORY: BIT SEQUENCE ADVANTAGES

DATA TYPE: TEXT E LiST E TABLE E GRAPHIC El EQUATIONS FE

DATA:

ERROR DETECTION AND CORRECTION CODES
ADVANTAGES

1. Error detection and correction code can ensure that memory systems reliability be

increased. Read or write errors produced in memory can be corrected using this

technique, therefore creating an overall better system reliability.

2. Relatively small amount of hardware required to use error detection as an error

detection and correction code.

3. All in one chips available to accomplish error detection and correction.

4. Error Correction Code (ECC) chips can be cascaded for expanded word length.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTrORIA-L PAGE 3 Of 1

SUBCATEGORY: BIT SEQUENCE DISADVANTAGES

DATA TYPE: TEXT [ LIST El TABLE E GRAPHIC m EQUATIONS

DATA:

ERROR DETECTION AND CORRECTION CODES
DISADVAN'AGES

1. Efficiencies of single detect and single detect / single correct codes decreases as

the number of data bits increases.

2. Possible large hardware requirement for interfacing with large memory circuits.

3. Some decrease in throughput due to extra processing.

4. Requires addition of Random Access Memory (RAIM) for check bits unless

original cut memory design has sufficient number of spare bits. Some memory

configurations could double the number of RAM chips required.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTORIA.L PAGE 4 of 10

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST [ TABLE " GRAPHIC E EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
ATrRIBUTES

1. REAL ESTATE PENALTY

Dependent on number of ECC chips. Number of ECC chips are

proportional to word length. Therefore minimal impact if small word

and large memory depth.

Dependent on number of added memory chips. This is a function of

both width and depth. Could double the required area.

2. POWER PENALTY

" (Number of ECC chips) x (ECC chip power) + (Number of memory

chips) x (memory chip power).

" Can be reduced if low standby power memory chips are used.

3. RELIABILITY , ENALTY

a Slight decrease of reliability due to addition of a small number of ECC

chips. Becomes negligible for memories with verN large number of

words.

4. TIMING PENALTY

Slight increase in processing time - 80 nsec t'pical TTL

5. CONCURRENT

6. CONCEPTUAL COMPLEYJTY

Straight forward.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTORIAL PAGE 5 of 10

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXTE LIST TABLE [ GRAPHIC [ EQUATIONS E
DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
ATTRIBUTES

(CONT)

7. HARDWARE/SOFTWARE/COMBO

* Hardware

8. TECHNOLOGY

If ECC integrated circuits are not available in a particular technology,

ECC can be implemented in random integrated circuits with increasing

penalty in real estate, and power.

9. IS BITE SELF TESTABLE?

* Can be with additional hardware but would be costly in terms of

penalty.

10. DESIGN COST

* Minimal if ECC integrated circuits are used.

It. STAND-ALONE (SELF CONTAINED BIT?)

YES, If fault is in ECC integrated circuit, erro- flag will be

detected unless fault is in error flag output.

12. WEIGHT

" Weight penalty = (number of ECC integrated circuits) multiplied bv

(ECC integrated circuits) multiplied by (ECC weight) plus inumber of

memory integrated circuits) multiplied by (memory integrated circuit

.veight)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTORIAL PAGE 6 of :9

SUBCATEGORY: BIT TECHNIQUE ATTIRIBUTES

DATA TYPE: TEXT_[ LIST _l TABLE_[ GRAPHIC _l EQUATIONS

DATA:

a) SEE FIGURE 3 FOR ERROR DETECTION AND CORRECTION CODES BIT

LEVEL [1 BLOCK DIAGRAM

b) SEE FIGURE 4 FOR ERROR DETECTION AND CORRECTION CODES BIT

DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG TUTORIAL PAGE 9 of Io

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [ LIST El TABLE ' GRAPHIC [ EQUATIONS E
DATA:

NUMBER/NAME AREA 4 OF POWER POWER MAX. VEIGHT
(sq in) PINS TYPICAL (mW) (gins)

8206 1.20 68 175 '50 1.7
(ECC)

stC2i 0.30 24 50 150 1.1
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: LONG -UTORLAL PAGE 10 of 1()

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC E EQUATIONS -

DATA:

1. Len Levine and Ware Meyers, "Semiconducting Memory Reliability with Error

Detecting and Correcting codes," COMPUTER, October 1976, pp 43-50.2.

2. [ntel application notes AP-73, "Memory System Reliability With ECC". Intel

Memory Components Handbook 1985.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION A.ND CORRECTION CODES

CATEGORY: USER REQUESTED DATA PAGE 1 of

SUBCATEGORY:

DATA TYPE: TEXT E LIST El TABLE [ GRAPHIC [ EQUATIONS [

DATA:

QUESTIONS VARLABLE

ASSIGNIENTS

1. How many data bits are being read from memory? vl

2. How many memory locations are required? v2

3. What is the delay in throughput caused by the ECC circuit? v3

4. What is the number of check bits required? v4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION ,AND CORRECTION CODES
I CATEGORY: EQUATI ONS -7AG o

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [ LIST [ TABLE F- GRAPHIC [ EQUATIONS E-I

DATA:

1) VARIABLE DEFINITION

nl = Number of ECC chips where each unit can handle maximum 16 data bits

with a maximum of 5 cascaded units for 80 data bits.

n2 = Number of memory chips

v I = Number of data bits

v2 = Number of cut memory locations

v3 = Throughput delay of ECC circuit

v4 = Number of check bits required

I1) COMPONENT DETERMINATION EQUATIONS

n1 = v/16

n2 = (v4/8)(v2/2K)

[11) PENALTY EQUATIONS

a) AREA (sq in)

Area of BIT chips = (.640)nI + (0.21)n2

Total area of BIT Circuitry = (Total area of BIT chips)

+ 15% For PC traces.

1.15 ( Area of BIT chips)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ERROR DETECTION AND CORRECTION CODES

CATEGORY: EQUATIONS PAGE 2 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST E TABLE E GRAPHIC EQUATIONS -

DATA:

1l) PENALTY EQUATIONS (CONT)

c) POWER (Watts)

POWER = (1.5)nl + (150)n2

d) TIME

THROUGHPUT DELAY = v3

b) WEIGHT (gms)

Weight of BIT circuitry = Weight of BIT chips + Weight of memory chips
+ 10% For weight of solder.

= 1.1 (Weight of chips)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: SHORT TUTORIAL PAGE I of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT El LIST [ TABLE [ GRAPHIC EQUATIONS [

DATA:

SHORT TUTORIAL
FOR

SCAN DESIGN TFCHNIQUFS

SCAN design technique provides easy access of buried sequential circuit elements.

SCAN design adds hardware overhead yet has gained widespread popularity due to the

following testability attributes it provides.

OBSERVABILITY: The abiiiry to read the state of an entire Line Replaceahle module

(LRM) to a specified applied test pattern.

CONTROLABILITY: The ability to initialize a Circuit Under Test (CUT) containing

sequential memory elements with more complex test patterns

than presets and c6ears can provide.

PARTITIONING: A SCAN chain becomes a natural partition between logic

clusters thereby promoting the divide and test approach to

testing.

By utilizing such circuits as a serial shift register, the SCAN technique is easily accom-

plished. In bit-serial SCAN/SET, the nodes to be scanned are parallel-shifted into a

bit-serial register and then serially shifted out for inspection by the maintenance proc-

essor. If the inspection data does not match a good machine state, a PASS FAIL

indicator can be set. The subject technique describes a SCA.N,SET implementation.

Other types of SCAN are:

* Level Sensitive Scan Design (LSSD)

Random Addressable Scan

* Boundary Scan
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCA.N DESIGN TECHINIQUES

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAMv
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT LIST TABLE GRAPHIC EQUATIONSE

DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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RECEIVE BIT INITIATE 1

APPLY TEST VECTOR TO INPUT TEST
REGISTER

(REGISTER MUX)

CLOCK ONCE

PARALLEL LOAD DATA INTO

SHIFT REGISTER]

APPLY SCAN CLOCK AND

SHIFT OUT SCAN DATA

READ SCAN RESULTS
AND COMPARE

FIGUREN 2E BITS SEUECEFOWCHR

FORSCANST TECHIQU

PAGE 4 of 4



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TUTORLi- PAGE 1 of 12

SUBCATEGORY: BIT SEQUENCE FLOWCHART DESCRIPTION

DATA TYPE: TEXT E LIST [ TABLE [ GRAPHIC El EQUATIONS 7[

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
SCAN DESIGN TECHNIQUES

1. Receive bit initiate and set test inputs.

2. Apply test vectors to input test register (register/multiplexer).

3. Clock once for normal operation.

4. Parallel load data into shift registers.

5. Apply SCAN clock and shift out SCAN data.

6. Read SCA-N results and compare.

7 If test fails set PASS/FAIL indicator.

If test passes continue on to next test or finish.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQLES

CATEGORY: LONG TUTORIAL PAGE 2 of :"

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT E LIST El TABLE - GRAPHIC '_7 EQUATIONS

DATA:

SCAN DESIGN TECHNIQUES
ADVANTAG ES

1. SC,-N/SET latches completely external to CUT

2. Allows for parallel load,'serial SCAN out and serial in,'parallel sets modes or

operation.

3. Only one maintenance clock is required.

4. Possible to take system "SNAPSHOTS".
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TUTORIL PAGE 3 Of 1

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC W EQUATIONS
DATA:

SCAN DESIGN TECHNIQUES
DISADVANTAGES

1. Serial in and serial out modes still require large amount of test time.

2 Requires control of system clock.

3. Requires maintenance processor for control.



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHN:QL;ES

CATEGORY: LONG [TUTORLAkL t AE4of 2 i

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS

DATA:

SCAN DESIGN TECHNIQUES
ATTRIBUTES

I. REAL ESTATE PENALTY

Dependent on number of SCAN registers. (One register stage for each

CUT flip flop.) Also dependent on number of CUT inputs.

2. POWE . PENALTY

Power penalty will depend on the number of SCAN registers and the

processor chip power.

3 RELIABILITY

Slight decrease of reliability due to addition of a small number of register

chips. Becomes negligible for very large combinational CUT circuitry

4. TNIMNG PENALTY

Slight increase in processing time - 80 nsec typical Transistor Transistor

Logic (TTL).
Long BIT test time because of serial data transfer.

5. NOT CONCURRENT

6. CONCEPTUAL COMPLEXITY

Moderately complex.

7. FL-RD WARE/SOFTWARE,COTBO

* Hardware.

Software in maintenance processor.

8 TECH"NOLOGY

" All current technolgies.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TL-TORIAL PAGE 5 of 12

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT El LIST [ TABLE El GRAPHIC L EQUATIONS 7

DATA:

SCAN DESIGN TECHNIQUES
ATTRIBUTES

(CONT)

9. IS BIT SELF TESTABLE?

Maintenance processor can run self test. Shift registers can be serially
loaded then read out.

10. DESIGN COST

M Minimal with off the shelf chips available. Additional cost for maintain-

ing processor. However, one of the maintenance processors is designed

so it can be used on other LR.Ms.

11. STAND-ALONE (self contained BIT?)

* Yes

12. WEIGHT PENALTY

* Roughly proportional to real estate penalty. Higher if CUT has large

number of flip flop to be monitored and large number of inputs.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TUTORIAL PAGE 6 of 12

SUBC3ATEGORY: DEFAULT-DESIGN

DATA TYPE: TEXT E LIST E TABLE [ GRAPHIC . EQUATIONS [

DATA:

a) SEE FIGURE 3 LEVEL II BLOCK DIAGRAM SCAN BIT TECHNIQUE (SET)

b) SEE FIGURE 4 DEFAULT DESIGN (SCAN/SET)

c) SEE FIGURE 5 DEFAULT DESIGN SCAN (MIAINTENANCE PROCESSOR)

d) SEE FIGURE 6 DEFAULT DESIGN (MAINTENANCE PROCESSOR)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TLtT'ORLAL PAGE I I of 12

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [] LIST 0 TABLE CE GRAPHIC [ EQUATIONS []

DATA:

NUMBER/NAME AREA 1 # OF POWER POWER MAX. VEIGHT
(sq in) PINS TYPICAL(mW) (mW) (gms)

II ] I I

so5tI8751 (t) [ 20 40 175 750 2K,

2S17A (1) .Ao 23 300 750 ' -

54HCT253 (1) 0.24 16 0.150 0.500 1.,)

54C165 0.25 16 0.150 1,r 5 0I

5-C164 0.23 14 0 150 , ,

54HCT273'3 0 30 20 0 250 , 3-

5-4138 0.30 16 100 50 1.5
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: LONG TUTORIAL 1AE 2 Of 12

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT E LIST [ TABLE [ GRAPHIC E EQUATIONS E
DATA:

1. B. Eichelberger and T. W. Williams, "a logic Design structure for LSI Testability".

fourteenth annual design Automation Conference, New Orleans,

(June 1977), pp.462-467.

2. M. J. Y. Williams and J.B. Angell, "Enhancing Testability of large scale integrated

circuits via test points and additional logic", IEEE vol c-22 no. 1 (Jan 1978) pp.

46-60.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAIN DESIGN TECHNIQUES

CATEGORY: USER REQUESTED DATA [PAGE I of

SUBCATEGORY:

DATA TYPE: TEXT 0 LIST [ TABLE F1 GRAPHIC [ EQUATIONS [

DATA:

QUESTIONS VARIABLE

ASSIGNMENTS

I. How many nodes to be scanned? vt

2. How many CUT primary inputs are there'? v2

3. How many test patterns are needed? v3

4. What is the scan clock rate? v4

5. What is the scan word compare time? v

6. What is the initialization time? v6

7. What is the time to load the shift register? v7
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: EQUATIONS PA I ot 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST [: TABLE F GRAPHIC C- EQUATIONS
DATA:

1) VARLABLE DEFINITIONS

nl = Number of parallel load shift registers

n2 = Number of maintenance processors

n3 = Number of serial data shift register/multiplexers

v I = Number of nodes to be scanned

v2 = Number of primary inputs

-.3 = Number of test patterns

v4 = SCAN clock rate

v5 = SCAN word compare time

v6 = Initialization time

v7 = Time to load shift register/multiplexer

II) COMPONENT DETERMINATION EQUATIONS

ni = vli8

n2 = I

n3 = v1/8

III) PENALTY EQUATIONS

a) AREA (sq in)

rOTAL AREA OF BIT CHIPS = (1) 25)nl + (3.20)n2 (10.30)n'

TOTAL AREA OF BIT CIRCUITRY = (Area of BIT chips) -

15% FOR PC traces.

1.15 (Total area of BIT chips)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: SCAN DESIGN TECHNIQUES

CATEGORY: EQUATIONS I PAGE - of

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [ LIST E TABLE E] GRAPHIC [ EQUATIONS

DATA:

1I) PENALTY EQUATIONS (CONT)

b) WEIGHT (gms)

WEIGHT OF BIT CHIPS = (0.90)nl + (0.95)n3 , (5.5)n2

WEIGHT OF BIT CIRCUITRY = (Weight of BIT chips)

(10% For weight of solder)

= 1.1 Weight of chips

c) POWER (mW)

'N1AXIOLNI POWER OF BIT CHIPS = (60)nl + (65)n3 - (450)n2

d) TIME

TEST TI'E v6 .- (v3)y(;, (vl)(v4) - v5)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROLND

CATEGORY: SHORT TU70RIA.L PAGE I of

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT C] LIST [1 TABLE 0 GRAPHIC EZ EQUATIONS E

DATA:

SHORT TUTORIAL
FOR

DIGITAL WRAPAROUND

Digital Wraparound is a non-concurrent Built-In-Test (BIT) technique. This tech-

nique consists of haidware and software (firmware in Read Only Memory (RO.M)) and

specifically requires a microprocessor, some digital output devices and some digital

input devices on board as part of the Circuit Under Test (CUT).

The technique consists of adding the necessary circuitry so that upon BIT INITL-kTE.

the digital data leaving the digital output devices can be routed to the digital input

device on the Line Replaceable Module (LRMI). An appropriate BIT routine is stored

in ROM along with test data to control the data transfer and compare the data received

with the data transmitted. A mismatch will indicate a failure.

There are various options open to the engineer as how to route the signal back to the

microprocessor. One way is to add digital gates to wrap the inputs around the out-

puts. Another method would be to use tristate drivers, if the digital InpuLOutput

(I/O) is bidirectional. In this instance, no additional hardware would be required.

The Microprocessor Bit technique (a related BIT technique), checks out the interna!

components of the microprocessor system. The ,.Taparound BIT can be used ro

extend the microprocessor BIT to include the [,'O.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITA- WR.APAROUND

CATEGORY: SHORT TUTORIAL PAGE 2 of

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRANM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT [ LIST E TABLE E GRAPHIC [ EQUATIONS

DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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BIT INITIATE

E INITIALIZE CUT

SET PASS/FAIL FF/N = 0

ENABLE WRAPAROUND
GATES

i APPLY ROM TEST PATTERN
TO OUTPUT DEVICE(S)

ROUTE DATA FROM OUTPUTS
THRU WRAPAROUND GATES

TO INPUT DEVICE(S)

DELAY & STROBE MEMORY
CHIP TO SEND EXPECTED

RESULTS TO
MICROPROCESSOR

READS INPUT DEVICE
COMPARES WITH EXPECTED

RESULT FROM MEMORY

PASNO PASS/FAIL
FF SET FAIL

I YES

CONT.

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR D(GITAL WRAPAROUND PAGE 4 o4 4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: LONG TUTORIAL P IGE 1 of 11

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT E UST [ TABLE [ GRAPHIC [ EQUATIONS E
DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
DIGITAL WRAPAROUND

I. A 'BIT INITIATE' signal is input to the LRM, so testing can begin.

2. Initialize the Circuit Under Test and set the Pass/Fail Flip-Flop to Pass.

3. Before applying a signal, enable the wraparound gates that are going to be used for

that particular test.

4. Apply the ROM test patterns to the output device(s).

5. At this point, the data is routed from the outputs through the proper enabled wrap-

around gates and into the input device(s).

6. Delay and strobe the memory chip to send the expected results to the microproces-

sor.

7. Microprocessor reads the results from the input device(s) and compares it with ex-

pected result from memory.

8. If comparison fails, set Pass/Fail Flip-Flop to FAIL and end test. If comparison

passes, continue.

9. If not the last ROM address, go back to STEP 4 and continue.
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LIBRARY ELEMENT DATA
SHEET

SIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: LONG TUTORIAL PAGE -) of I11

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT E LIST [ TABLE E GRAPHIC [ EQUATIONS [

DATA:

DIGITAL WRAPAROUND
ADVANTAGES

I. Only requires minimal hardware and is a conceptually simple design which is

easy to implement.

2. Chips that are aceded are readily available (the wraparound device is generally

standard gates of the same logic family used in the digital 110).

3. This technique may also be used in conjunction with "MICROPROCESSOR

BIT", another Computer Aided Design Built-In Test Technique (CAD-BIT TECH-

NIQUE), to extend the BIT coverage to include the UO chips (which are not nor-

mally checked out with the microprocessor BIT).

4. If the digital interface is bidirectional, no additional hardware will be required.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROLND

CATEGORY: LONG TUTORL., PAGE 3 of

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS

DATA:

DIGITAL WRAPAROU-ND
DISADVANTAGES

1. This technique only checks out a small portion of the LRMN

2. If the number of test patterns needed to completely test the digital 1/O is

large (for example - a MIL-STD 1553 interface), then additional RONIs may have

to be added to store the test patterns. This will increase the real estate penalty.

However, if the /O devices are simply buffers, only a few patterns will be required

and most ROMs will have spare locations.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: LONG TUTORIAL PAGE 4 Of 1

SUBCATEGORY: BIT TECHNIQUE ATTRIBC fES

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC E EQUATIONS

DATA:

DIGITAL WRAPAROU ND
ATTRIBUTES

1. REAL ESTATE PENALTY

SMALL - Basically requires several ii-..cgrated ciicuiL packages of gates

ROMs - Depends on number of test patterns (as patterns increase, any spare
ROM, locations may be depleted, therefore an additional ROM(s) may have
to be added)
If number of [/O lines are large, there will be a corresponding increase in

number of wraparound gates required

2. POWER PENALTY

Small - Just requires additional power to wraparound gares and additional
ROM if needed

3. RELIABILITY PENALTY

* Minimal impact since only a few gates of the same logic family as che
i/O devices are added

4. TIMING PENALTY

* Number of test patterns multiplied by the partern application
rate

5. NON-CONCURRENT

6. CONCEPTUAL COMPLEXITY

• Straight forward
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: LONG TUTORIAL PAGE 5 of II

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST [9 TABLE ' GRAPHIC - EQUATIONS [

DATA:

DIGITAL WRAPAROUND
ATTRIBUTES

(CONT)

7. HARDWAREi SOFTWARE/COMBO

S Hardware present/test patterns in firmware

8. TECHNOLOGY

. All current digital technologies

9. IS BITE SELF TESTABLE?

. No

10. DESIGN COST

" Will be kept at a minimum since the chips needed are readily available

8 The microprocessor used can alsc bc used for other BIT techniques

" Engineering time to create patterns depends on complexity of I/0 chips to be

tested
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WR-kAPAROUND

CATEGORY: LONG TUTORIAL PAGE 6 of lII

SUBCATEGORY: DEFAU;,T DESIGN

DATA TYPE: TEXT LIST ' TABLE [ GRAPHIC [ EQUATIONS

DATA:
a) SEE FIGURE 3 FOR DIGITAL WRAPAROLND BIT TECHNIQUE LEVEL II

BLOCK DLAGRAM - UTILIZING DIGITAL WRAPAROUND

b) SEE FIGURE 4 FOR DIGITAL WRAPAROUND BIT TECHNIQUE DEFAULT

DESIGN

c) SEE FIGURE 5 FOR DIGITAL WRAPAROUND TECHNIQUE DEFAULT DESIGN
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LIBRARY ELEMENT DATA

SUBCATEGORY: PARTS DATA LIST

DATA TYPE: TEXT E LIST C~ TABLE E: GRAPHIC E EQUATIONS F]

DATA:

NUMBER/NAME AREA # OF POWER POWER MAX. WEIGHT
SQ. IN PIS YPICAL(MW,) (mw)(is

OCTAL TRI-STATE 0.2 167 20 350 500 3.3
BUFFER

NN154HC244)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: LONG TUTOPLM_ PAGE of

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT [ LIST ] TABLE E GRAPHIC _ EQUATIONS

DATA:

.",ONE REQUIRED



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: D[GITAL WRAP-kROLND

CATEGORY: USER REQUESTED DATA PAGE 1 of 1

SUBCATEGORY:

DATA TYPE: TEXT - LIST El TABLE - GRAPHIC EQUATIONS

DATA:

QUESTIONS VARIABLE

ASSIGNMENTS

. How many digital outputs are to be wrapped around? v1

2. How many test patterns are required to be stored in RONIs (bvtesj? V2

3. What is the test pattern application rate (bytes/sec)? ,3

4. What is the initialization time?



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRA-PAROUND

CATEGORY: EQUATIONS PAGE 1 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT [ LIST E TABLE _] GRAPHIC E EQUATIONS

DATA:

1) VARIABLE DEFINITION

nil = Number of wraparound gate chips

vl = Number of digital outputs to be wrapped around

v2 = Number of test patterns stored in ROM

v3 = Test pattern application rate (bytes/sec)

v4 = Initialization time (sec)

I) COMPONENT DETERMINATION EQUATIONS

ni = vI's

Il1) PENALTY EQUATIONS

a) AREA (sq in)

AREA of BIT CHIPS = (0.2167)nl

TOTAL AREA of BIT CIRCUITRY = (Total area of chips)
15% for PC traces

1.15 (Area of BIT Chips)

b) WEIGHT (gms)

WEIGHT OF BIT CHIPS: = (6.5)nl

WEIGHT OF BIT CIRCUITRY = Weight of BIT chips -
Itf) Weignt of older

= 11.0 (Weight of chips)

c POWER (mw)

IAXRIUvI POWER: = (3§,1ni



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: DIGITAL WRAPAROUND

CATEGORY: EQUATIONS PAGE 2 of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED

DATA TYPE: TEXT E LIST El TABLE " GRAPHIC [ EQUATIONS

DATA:
d) TEST TIME

TEST TIME (v2)(v3) + v4



PARAGRAPH 6.9

PSEUDO RANDOM PATTERN
GENERATOR

WITH MULTIPLE INPUT
SHIFT REGISTER

(PRPG/MISR)
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: IPAGE of
SHORT TUTORIAL 1 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

SDATA TYPE: TEXT C] LISTS TABLE [ GRAPHIC [ EQUATIONS

DATA:

SHORT TUTORIAL
FOR

PSEUDO RANDOM PATTER.N GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

This non-concurrent self test method can be implemented in hardware without requir-

ing numerous test patterns or good machine responses to be stored internally. Testing

begins upon activation of a test initiate signal, after which the test control logic initial-

izes the Pseudo Random Pattern Generator (PRPG) which then generates and applies a

set of pseudo random test patterns to the Circuit Under Test (CUT) by multiplexing

out the primary inputs and multiplexing in the PRPG outputs. A PRPG with n outputs

will pseudo randomly cycle through all but one possible n - bit binary patterns. vhich

sums up to 2 n_ 1 possible bit patterns. In order to determine if the CUT's response

to these patterns are correct, the outputs of the CUT are connected in parallel to the

Multiple Input (linear feedback) Shift Register (MISR) which compresses the test result

data into a single m - bit signature. If the test result signature identicallv compares to

the good machine signature, the test passes. This test method is advantageous because

one achieves a substantial amount of testing with a relatively small amount of hard-

ware. The amount of hardware can even be further reduced by modifvin2 a few cheic-_

flip-flops required in the CUT and converting them to dual purpose, test, funcion flip-

flops.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (N'ISR)

CATEGORY: SHORT TUTORIAL PAGE 2 of4

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT LIST [ TABLE E GRAPHIC [ EQUATIONS

DATA:

SUBCATEGORY 1: SEE FIGURE

SUBCATEGORY 2: SEE FIGURE 2
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RECEIVE BIT INITIATE

INITIALIZE CUT
CCT. /RESET

PASS/FAIL FF
SEED PRPG

CLOCK PRPG
AND

APPLY TEST PATTERNS

DELAY AND CLOCK CUT

TEST PATTERNS RIPPLES
THRU CUT

REPEAT TEST DELAY AND CLOCK MISR
SEQUENCE

NO LAST TEST

PASS/FAIL NSIGNAL STAYSSINTRCOPE
SET TO FAIL

PASS/FAIL

SIGNAL SET TO PASS

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR PRPG/MISR BIT

PAGE 4 of -
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIAkL I PAGE I Of 13

SUBCATEGORY: BIT SEQUENCE FLOW CkRT DESCRIPTION

DATA TYPE: TEXT [ LIST El TABLE [ GRAPHIC [ EQUATIONS

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
PSEUDO RANDOI PATTERN GENERATOR (PRPG) & MULTIPLE

INPUT SHIFT REGISTER (MISR)

1. Receive BIT initiate and start test.

2. Initialize UUT, reset circuits, seed PRPG.

3. Clock Pseudo Random Pattern Generator and apply test patterns.

4 Delay and clock CUT, test patterns ripple through CUT.

5. Delay and clock multiple input shift register.

6. Repeat test sequence until all patterns are sent.

7. Compare signature with response, set pass/fail.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIL PAGE 2 Of 13

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT "-1 LIST [ TABLE E GRAPHIC [ EQUATIONS [

DATA:

PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

ADVANTAGES

I. PRPG,/IISR is a verv cost effective BIT due to the fact that large amounts of rest

patterns that can be generated without large amounts of hardware.

2 No software overhead.

3. Multiple input shift registers allow many CUT outputs to be tested at once.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (,IISR)

CATEGORY: LONG TUTORLAL PAGE 3 Of 13

SUBCATEGORY: BIT TECHNIQUE DISADVA,4TAGES

DATA TYPE: TEXT [ LIST [ TABLE E GRAPHIC [ EQUATIONS

DATA:

PSEUDO RANDOM PATTERN GENERATOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

DISADVANTAGES

1. A PRPG can not fully generate specific pairs of test patterns that must occur in

sequence in order to detect faults in certain sequential logic designs.

2. More psuedo random patterns may be required to achieve a desired level of fault

detection than a set of test vectors which can bt. individually defined such as in

the ON-BOARD ROM technique.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENERATOR (PRPG) M MULTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIAL PAGE 4 of '3

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT E LIST [ TABLE -- GRAPHIC E EQUATIONS _-

DATA:

PSEUDO RANDOM PATTERN GENERATCR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

ATTRIBUTES

1) REAL ESTATE PENALTY

Real Estate penalty will be small because all of the test patterns are generateJ

by a single shift register and all of the CUT response are accumulated in a

single register.

2) POWER PENALTY

Power penaltr will be small since real estate penalty is small and bit chips use

same type of chip as CUT.

3) RELLB[LITY PENALTY

Slight decrease of reiability due to addition of a small number oi register

chips. Becomes negligible for very large combinational CUT circuitr.

4) TIMING PENALTY

Slight increase in processing time - SO nsec ty.pical Transistor Trans-t-or

Logic (TTL).

5) NON CONCURRENT

6) CONCEPTUAL COMPLE.XITY - straight forv ard.

') HARDWARE,'SOFTWA RECOM BO

Hard.are
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTER-N GENERATOR (PR.PG) & MULLTIPLE
[INPUJT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIA-L PAGE i Of 13

SUBCATEGORY: BIT TECH-{MQUE ATTRIBUTES

DATA TYPE: TEXT LIST El TABLE GRAPHIC E EQUATIONS

DATA:

PSEUDO RANDOM PATTERN GENERATOR (PRPG) &MULTIPLE
RNPUT SHIFT REGISTER (MJ1SR)

ATTRIBUTES
(CONT)

8) TECHNOLOGY
All current technologies

9) IS BITE SELF TESTkBLE"
?RPG can be sent into MIISR and read out.

10) DESIGN COST
inimal with off the shelf chips available.

11) STAkND-.ALONE (SELF CONTAINED BIT.)

12) WEIGHT PENA-LThy
Roughly proportional to real estate penalty.



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM P.-%TTER:N GENERA\TOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (.IISR)

CATEGORY: LONG TUTORIAL PAGE 6 of :3

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT [ LIST [ TABLE F1 GRAPHIC EOUATIONS

DATA:

a) SEE FIGURE 3 FOR PRPGIISR LEVEL 'I BLOCK DIAGRAM

b) SEE FIGURE 4 FOR PRPG/,NISR DEFAULT DESIGN

c) SEE FIGURE 5 FOR S INPUT MISR CONCATENATED BUILDING BLOCKS

d) SEE FIGURE 6 FOR PRPG/MISR BIT TEST CONTROL LOGIC

18
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RA4NDO,%[ P.4JTERN. GENERATOR (PR.PG) & MULTIPLE
[NPUT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIAL PAGE I1I of

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT LIST E TABLE El GRAPHIC E EQUATINZ

DATA:

NME/AEAREA # OF j POWER POWER MAX. 'NEIGH7
NUBR AE(sq in) PINS _TYPICAL (mW) (mW) (gms},

7 4LS 175' 0-:0 16 61) 91)
D FLIP FLOP

S\4A 'J)' 24 1426 -1)

*\\D CHIP

SN54A21/ 0 23 14 300 540
AND C H IP

SNS4AS32/ 0.23 14 300 40
OR CHIP

SN54AS835 1/ 0.37 24 S0 81 1 6
CO\IPARLAFOR

S\N5-4AS867! 0.3" 24 44 1.
SBIT COUNTER

-4HCT240/ 0 30 14 L00 5
T RI -STATE

;4H-CT123/ 0.31 14 5') ~5
DELAY ELEMNENT

R tPLLLPS 0 30 2,

*RESISTO)RS MAY BE LSED FOR G10 SIGNATURES. IN MOST CASE'S THEY \VL3E
14 WATT -'7oTOL
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LiBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RA NDOMI PATiTERIN GENERATOR (PR.PG) & MULTIPLE
fNPUT SHIFT REGISTER (MAISR)

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT LIST TABLE GRAPHIC EQUATIONS

DATA:

MISR

IC INFO IC-IC PIN NUMBERS IC-OUTSIDE PIN NUMBERS

FUNCTION/NAME TED-SR EO-SR EO-TED PIN CALLOUTSJ D-IN D-OUT

SHIF7/REGISTER (14-3)
.SN%54273 (SR) (3-18) (1-19) CI=TEO-l CLR=SR-1 TEO-2 S2-

___ __ ___ __ __ EO-2 19
TEO-5 1

XCSV-O (-14) (3-17) (4-12) CO=SR-2 E-
SN5486 (E0) (6-16) j(4-15) TO1

I ________ _______________ TEO-14 I 6
CL=EO1 5-13 i5

TPi-iNPUT (10-9) (6-13 CKSP' 2
=X-OR TEG) (9-7) (8-12)F=
'SN54135 (1-4) (1-)TEO-(4-1 2)

(15-6) (12-5)

____ _____PRPG_____ __ ______

EO-SR EO-EO SR-SR _________

5'.- iFT /REGISTER 19-17) CI=EO-l CL.R=SR-1 R
3N54273 iSR) (3-18) CO=SR-2 1

(6-14) (2-5-9-13) f15-13)

=XCLUSIV= -0,; ~ -7 (12-8) CLK=SR- 1 15
Z3N5486 i0)' (11-4) (5-3)

(4-16) 19
(8-9) Fl=

2-6) EC12-5-9-12)
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERN GENEA-.TOR (PRPG) & MULTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: LONG TUTORIAL PAGE I of

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT [ LIST C': TABLE E GRAPHIC - EQUATIONS

DATA:

BILBO - Built-In Logic Block Observation Techniques
79 - Koenemann, Mucha, Zwieoff - 1979 IEEE Test Conference

81 - Segeis - 1981 IEEE Test Conference -

A Self-Test Method for Digital Circuits

STUMPS - Self Testing of Multi Chip Logic Modules

82 - Bardell, McAnney - 1982 IEEE Test Conference

83 - Komonytsky - Electronics 1983 -
Synthesis of techniques creates complete system self-test

84 Butt, EI-ziq - 1984 International Test Conference - Impact of Mixed-Mode Self-

Test On Life Cycle Cost Of VLSI Based Designs

84 - LeBlanc - 1984 IEEE Design & Test of Computers -

LOCST: A Built-In Self-Test Technique

85 - Bhavsar - 1985 International Test Conference -

"Concatenable Polydividers": BIT-Sliced LFSR Chips For Board Self-Test

86 - Sabo, Johannsen, Yau - 1986 Custom Integrated Circuits Conference - Genesil

Silicon Compilation and Design for Testability
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEUDO RANDOM PATTERIN GENERATOR (PRPG) & MLLTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: USER REQUESTED DATA PAGE I of

SUBCATEGORY:

DATA TYPE: rEXT E LIST CE TABLE [ GRAPHIC [ EQUATIONS

DATA:

QUESTIONS VARLABLE

ASSIGNN ENT

I How many primary input pins are used by the LRM's operational v1

circuitry.?

. -ow many primary output pins are used by the LRM's operational v2

circuitry.'?

3. What is the number of tests patterns?

4. What is the system clock period? v4

5. What is the estimated initialization time?

- 195 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: PSEU DO RANDO.It PATTERN GENER-ATOR iPRP(JI & \ILL-TIPLE
[NPUT SHIFT REGISTER CMISR)

CATEGORY: EQ1 AT1nO\S PAGE of

SUBCATEGOF (DATA NOT TO BE D[SPLAYED)

DATA TYPE: TEXT C: LIST E TABLE f7 GRAPHIC EQUATIONS7

DATA:

0) VARL-kBLE DEFINITION

ni = Number of PRPG r,- istcrs

n2 = Numrber of MIISR registers

n3 =Number of test control logzic modules

v1 N umber of CUT inputs

vZ Number of CUT outpu-ts,

%-3 =Number of test parTems

,-4 =CUT clock speed

v - = Time for initialization

(1) COMPONENT DETERMIlNA-TION EQTIOTljNS

ni = vl 8

n - v2' 8

n3 =t

111) PENALTYV EQUATIONS

a) AREA (5,q in)

Area of BIT chips =(l9)nl +(1.163)n2 +n3 -(1) tb51n,

Total area of BIT circuitry = Area of BIT chips)

151C For PC cractes

1. 15 (Area of BIT chiprsi

b) WEIGHT (gins)

Weight: of BIT chips 1)n I 5.5)n2 - 143n-'

Total weight of BIT circuitry =iVcight of BIT chips)

11)'c For weiviht of solder

I If 15 (eight of BIT c-hips)
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LIBRARY ELEMENT DATA
BITTEHNQU: PEUO ANOM SHEET

BITTECNIQE: SEUO RVND,\lP.-V7ER.N GENERA-TOR 'PRP( j % MLTIPLE
INPUT SHIFT REGISTER (MISR)

CATEGORY: EQUATIONS PAGE of

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT E LIST E TABLE E GRAPHIC U EQUATIONS
DATA:

111) PENALTY EQUATIONS (CONT)

cPOWER (mW)

MIaximumn power of BIT chips =(1-410)nl (100U;nZ i 165 n3'

TEST TIM-E v5 -(v31)(v4)



PARAGRAPH 6.10

COMPARATOR
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPAR-TOR

CATEGORY: SHORT TUTORIAL PAGE I of

SUBCATEGORY: DESCRIPON OF BIT TECHNIQUE

DATA TYPE: TEXT CE LIST El TABLE El GRAPHIC i EQUATIONS

DATA:

SHORT TUTORIAL
FOR

COMPARATOR

Comparators can readily be incorporated into your hardware designs to achieve Built-

In-Test (BIT) capability for a large variety of functions with minimum expense. 'With

this approach, Circuit Under Test (CUT) test stimuli, which is generated by the Line

Replaceable Module (LR.M), is applied to a CUT and the output of the CUT is applied

to a comparator along with a reference signal. If the output of the CUT exceeds any

predetermined difference with respect to the reference signal an output will be gener-

ated from the comparator which will be used as a TEST FAIL signal. For some appli-

cations, it will be necessary to process the CUT output with the addition of a signal

processing circuit and then feed the result into a comparator.

The COMPARATOR BIT TECHNIQUE allows for either including a signal source as

part of the bit hardware or for receiving the test signal from outside the LRM If

multiple channels are present on the CUT, multiplexers can be added to distribute the

test signal to various channel inputs and to distribute the CUT outputs to the com-

parator for analysis.

Due to the wide variety of processing circuits available, leg. frequency to oltage c on-

verters. sample and hold circuits), together with the benefits gained from signal multi-

plexing, the COMPARATOR BIT TECHNIQUE lends itself to a wide variety of applica-

tions.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMIPARATOR

CATEGORY: SF[ORT TUTORIAL PAGE 2 of -t

SUBCATEGORY: 1. LEVEL I BLOCK D[AGRAM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT [ LIST El TABLE [ GRAPHIC [ EQUATIONS

DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURjE2
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TEST
INITIATE

APPLY
TEST

SIGNAL

SIGNAL FROM CUT SENT TO
EITHER A MULTIPLEXER, PROCESSOR
OR DIRECTLY TO THE COMPARATOR

COUNTER COPRTRYES SET TEST

INCREMENTED DOES DETECT

NNO

0I YES

TEST FAIL LATCH
REMAINS RESET

FIGUE 2 BIT SEQUENCE FLOW CHART FOR UTILIZING COMPARATOR
TESTING TECHNIQUES FOR N CHANNELS OR SIGNALS

PAGE 4 of 4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: LONG TUTORL-J_ PAGE I of 1:

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT [ LIST [ TABLE El GRAPHIC [ EQUATIONS

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
COMPARATOR

1. A Test Initiate signal is received by the test control logic which disconnects the

pnmary inputs to the CUT.

2. A Test Signal is applied to the inputs of the CUT.

3. An output signal from the CUT, is routed to either a multiplexer, signal proce sor

or directly to the input of the Comparator circuit where it is compared against an

expected value or function. If a difference betveen the expected value and the

CUT input to the compa.ator is observed then the TEST FAIL latch is set and a
TEST FAIL signal is generated. If the comparator does not detect a difference

between the expected value and the CUT signal the TEST FAIL latch remains reset

and the TEST FAIL signal remains deactivated.

4. If multiple signals are to be BIT tested, the counter is incremented and step 3 is

repeated until all of the CUT signals are BIT tested.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATFGORY: LONG TUTORL-L PAGE 2 of 12

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT LIST El TABLE E GRAPHIC L EQUATIONS L

DATA:

COMPARATOR
ADVANTAGES

The use of comparators as a Built In Test tool offers the following advantages to the

circuit designer:

The use of comparators can be applied to verify a large variety of

functions such as:

- Voltage levels

- Sine Waves

- Triangle Waves

- Square Waves

- Minimum Possible Input Value

- Maximum Possible Input Value

- Average Input Value

* Comparators can be purchased readily from many manufacturers on an

off-the-shelf basis in a variety of package types thereby minimizing

availability and packaging problems.

* Comparators can be purchased which are compatible with all forms of ogtc

- 204 -
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPAATOR

CATEGORY: LONG TUTOR'.L PAGE 3 of 12

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT E] LIST E] TABLE E GRAPHIC [ EQUATIONS ]

DATA:

COMPARATOR
ADVANTAGES

(CONT)

The basic component of comparators is the Operational Amplifier (Op Amp;

which possesses the following advantages:

- 'ie input impedance of Op Amps are extremely high thereby mini-

mizing CUT loading problems when incorporated into a BIT circuit.

- Op Amp bandwidths are very large (devices with bandwidths greater

than 100 MHZ are available) thereby expanding signal testing

capabilities.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: LONG TUTORIAL PAGE 4 of 12

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT E LIST CE TABLE [ GRAPHIC D EQUATIONS [-

DATA:

COMPARATOR
DISADVANTAGES

The use of comparators as a Built In Test tool poses the following disadvantages to the

circuit designer:

The reference signal must be accurately maintained. Any deviation from

the desired reference could cause erroneous BIT results.

Frequently additional power supplies are required as either Op Amp power

supplies or as reference voltage supplies.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMNPARATOR

CATEGORY: LONG TUTORIAL PAGE 5 of 1-2

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST El TABLE E GRAPHIC 2 EQUATIONS

DATA:

COMPARATOR
ATTIRIBUTES

1. REAL ESTATE PENALTY

The use of signal multiplexing with the comparator technique reduces the real

estate penalty incurred in contrast to the use of concurrent techniques such as

the redundancy technique. This is particularly true if large numbers of

circuits are to be BIT tested.

If signal processing circuits are required, the real estate penalty increases

proportionately.

' Minimized due to the variety of package types available.

' Required real estate for implementation of the technique increases as the

number of CUT signal tested increases. The possibility of minimizing the

amount of real estate required can be achieved with the use of multiplexers.

The addition of discrete components, needed for biasing, adds to the real

estate penalty. For Window Comparator techniques, t'xc discrete resistors

must be added to create the high reference signal and two resistors must aio

he addcd to create the low reference signal. Resistors will also be required if

hysteresis is desired in the comparator circuit. Zener diodes may also be

needed for producing desired output levels.

* The addition of gating circuitry is frequently necessary for the purpose', ot

enabling and latching.

If Signal Processing circuits are required, besides the addition of Linear inte-

grated circuits chips, peripheral supporting components such as resistors, and

capacitors are frequently needed.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: LONG TTORLAL PAGE 6 of 12

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C1 LIST CE TABLE C] GRAPHIC El EQUATIONS 1::

DATA:

COMPARATOR
ATTRIBUTES

(CONT)

2. POWER PENALTY

" The use of signal multiplexing in this technique, reduces the power

penalty which develops with the use of other techniques such as the

redundancy technique. This is particularly true if large numbers of circuits

are to be BIT tested.

" If signal processing circuits are required, the power penalty increases propor-

tionately.

3. RELIABILITY PENALTY

* As the quantity of comparators increases with the use of this technique reli-

abiliry decreases proportionately.

4. TTIING PENALTY

Throughput delays will occur because the CUT input and output signals must

pass through the added BIT multiplexer.

5. CONCEPTUAL COMPLEXITY

* Straight- forward.

6. TECHNOLOGY

* All current digital technology.

7. IS BITE SELF TESTABLE

Yes with the addition of extra hardware.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: LONG TUTORIAL PAGE - of 12

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT E LIST El TABLE [ GRAPHIC [ EQUATIONS -

DATA:

COMPARATOR
ATTRIBUTES

(CONT)

8. DESIGN COST

" The use of the Comparator BIT Technique reduces design costs compared to

concurrent techniques if large numbers of CUT circuits are to be BiT tested.

* If signal processing circuits are required, the design costs increase propor-

tionately.

9. WEIGHT PENALTY"

The use of signal multiplexing reduces the -weight penalty compared with

concurrent techniques. This is particularly true if large numbers of circuits

are to be BIT tested.

* If signal processing circuits are required, the weight penalty increases pro-

portionately.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: LONG TUTOPIL PAGE s of 12

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT [ LIST E TABLE [ GRAPHIC EQUATIONS 7

DATA:

a) SEE FIGURE 3 FOR COMPARATOR BIT LEVEL II BLOCK DAGRA\1

b) SEE FIGURE 4 FOR COMPARATOR TEST SCHEMATIC DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: CONIPARATOR

CATEGORY: LONG TUTORLAL PAGE 1 1 of 12

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT [ LIST E TABLE ' GRAPHIC [ EQUATIONS [

DATA:

NUMBERNAME AREA # OF POWER POWER MAX. WEIGHT
(sq in) PINS TYPICAL(mW) (mW) (gins)

LM3I9D VOLTAGE 0.2044 14 200 500
COM PARATOR

DM7400 QUAD 0.22 14 100 500
DUAL INPUT
NAND GATE

DM7410 TRIPLE 0 22 14 100 500
THREE INPUT
NAND GATE

LM5SS TIMIER 0 1 S 350 600

CD-4053N ANALOG 0 217 16 150 500
NILLTIPLEXERI

DM49 COUNTER 0 22 14 145

CAPACITOR CI 0,681 2 50 250 3

RESISTORS RI 0 0225 I 25)
THRU R9

21.3 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMP.RATOR

CATEGORY: LONG rTU[ORL,-\L PAGE' 12 Of 1

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT 0 LIST [ TABLE [ GRAPHIC [ EQUATIONS [

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: USER REQUESTED DATA 1PAGE I of

SUBCATEGORY:

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS [
DATA:

QUESTIONS VARIABLE
ASSIGNMENT

1. How many CUT signals to be tested? vi

3. What is test time required for each signal? v2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: COMPARATOR

CATEGORY: EQUATIONS PAGE I of 2

SUBCATEGORY: (NOT TO BE DISPLAYED)

DATA TYPE: TEXT El LIST [] TABLE []GRAPHIC [] EQUATIONS [

DATA:

1) VARIABLE DEFINITION

n1 Number of LM319D Comparator chips required

n2 Number of DM7400 Quad dual input nand gates required

n3 2 Number of DM7410 Triple three input nand gates required

n4 = Number of resistors required

n5 = Number of capacitors required

n6 = Number of CD4053 Analog multiplexers required

n7 = Number of LM555 Timers required

n8 = Number of DM7490 Counters required

NOTE: Round off the values of n2 and n8 to the next highest whole number.

1I) COMPONENT DETERMINATION EQUATION

n1 =1

n2 = v 1/4

n3 1

n4= 9

n5=I

n6 =vl + I For odd number of vl

= v1 For even number of v1

n7 =

n8 =vl/4
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LIBRARY ELEMENT DATA
SHEET

I BIT TECHNIQUE: COMPARATOR

DATA:

111) PENALTY EQUATIONS

a) ARLEA (sq in)

.Area of BIT chips = (.2044)nl +. (0.22)n2 + (0.68)n3 + (0.225)n3 +

(0.681)n5 + (0.217)n6 + (0.1)n7 + (0.068)n8

rotal area of BIT circuitry =Area of BitF chips + 15%21 tor PC craces

=1. 15 (Area of BIT chips)

b) WEIGHT (gins)

Weight of BIT chips = (2)n I + (2)n2 + (1)n3 + (2)n4 +(3)n5 +(2)n6

+(2)n[71 + (1)n[81

Total weight of BIT circuitry = Weight of BIT chips +

10% for weight of solder
=1.1 (weight of BIT chips)

c) POWER (mW)

Total BIT circuitry power penalty for a specific number of CUT signals to

be tested =(200)nl + (100)n2' + (100)n3 + (100)n4 + (50)n5 +(150)n6

(350)n7 + (145)n8

d) TEST TIME

Test Time (vI)(v2)
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PARAGRAPH 6.11

VOLTAGE SUMMING
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SLUMMING

CATEGORY: SHORT TUTORIAL PAGE of

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT El LIST E TABLE E GRAPHIC E EQUATIONS

DATA:

SHORT TUTORIAL
FOR

VOLTAGE SUMMING

Voltage summing is a concurrent analog Built-In-Test (BIT) technique whereby multi-

ple voltage levels are added together using operational amplifiers. The resulting sum is
then fed into a comparator circuit which compares the sum against a reference sig-

nal(s). The output of this comparator circuit generates a pass/fail signal. This tech-

nique is particularly useful for monitoring a set of power supply voltages.

This BIT technique is often used along with the comparator technique to test circuits

with multiple output channels. Voltage summing BIT can also be used in conjunction

with redundancy BIT techniques.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: vULIA(UE SU.lIMINL

CATEGORY: HURI IUIULkIAL PAGE 2 of

SUBCATEGORY: 1. LLtV LL I 13LUiK VLA(JI-l
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT ED LIST E TABLE [ GRAPHIC . EQUATIONS

DATA:

SUBCATEGORY 1. SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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POWER UP UUT

VOLTAGE SUMMER SUMS
THE TEST SIGNALS

RESULTING SUM
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FIGURE 2 BIT TEST SEQUENCE FLOW CHART FOR
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PAGE 4 of 4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG TTTORL-AL [PAGE I of 11)

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT ] LIST CE TABLE [] GRAPHIC E EQUATIONS E
DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
VOLTAGE SUMMING

1. Unit Under Test (UUT) is powered up.

2. The voltage levels to be monitored are routed into a voltage summing circuit. This
circuit adds the separate voltage levels and outputs the resulting sum.

3. The sum is then sent into a window comparator circuit which checks the signal

against an upper and lower reference voltage.

4. If the sum is within the upper and lower reference voltages, the PASS/FAIL output

remains high indicating a PASS condition. If the sum is out of specification, the
PASS/FAIL output signal goes low indicating a FAIL condition.

5. The sw-n is continuously monitored by the window comparator. The PASS, FAIL

output signal remains high (PASS) unless a failure is encountered.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMINIING

CATEGORY: LONG TUTORI AL PAGE 2 of p)

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT ] LIST Z] TABLE E GRAPHIC [ EQUATIONS

DATA:

VOLTAGE SU-VI[NG
ADVANTAGES

The Voltage Summing BIT technique provides the following advantages to the circuit

designer:

A minimum of components and Line Replaceable Module (LR.M) real estate

are required to implement a Voltage Summing BIT as compared with other BIT
techniques such as Comparator BIT.

The real estate savings increases proportionally to the number of voltage
level outputs to be monitored.

Voltage Summing BIT is a concurrent test, therefore end-to-end run time is
not compromised. In addition, a failure will be detected anytime it occurs

during normal operation.

The basic component of a voltage summing circuit is the op amp which posses,'- th

following advantages:

The input impedance of an op amp is extremely high, thereby minirnizinp

Circuit Under Test (CUT) loading problems when incorporated into a BIT
circuit.

Operational Amplifiers (Op Amps) are readily available off the shelf trom a
large number of manufacturers.



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG TUTORIAL PAGE 3 of 10

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT U LST [ TABLE E GRAPHIC [] EQUATIONS [:

DATA:

VOLTAGE SUMMING
DISADVANTAGES

The Voltage Summing BIT technique poses the following disadvantages to the circuit

designer:

" The ability to verify the specification requirement of an individual voltage
level is reduced because only the sum of the voltage levels is monitored.

" Reference voltages used in the window comparator must be provided and
accurately maintained.

" Voltage Summing BIT can only be used to monitor static signals.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SLM'MII, NC

CATEGORY: LONG TUTORIAL PAGE 4 of l0

SUBCATEGORY: BIT TECHNIQUE ATTRIBL-TES

DATA TYPE: TEXT 3 LIST EE TABLE C1 GRAPHIC f EQUATIONS

DATA:
VOLTAGE SLMMI[NG

ATTRIBUTES

I REAL ESTATE PENALTY

I op amp configured as a voltage summing amplifie,.

2 comparators configured as a window detector.

I flip flop used as a latch.

The number of resistors needed is directly proportional to the number volt-

age levels to be summed and may be calculated using the following equa-

tion:

Number of resistors = number of voltage levels to be summed - 9

POWER PENALTY

Proportional to the number of voltage levels to be summed. This is due to

the fact that each voltage is sent through an input resistor as part of the

summing circuit. A Iditionally, the power dissipation of the op amp, flip

flop. and two (2) comparators must be considered.

3 RELL-kBILITY PENALTY

Proportional to the Mean Time Between Failures (MTBF) of the op amp. -

comparators, and one (1) flip flop used.

The ?M'vF of the resistors is so great that they need not be ;n the reliability

equation.

- TIING PENALTY

Since Voltage Summing BIT is done concurrently, there is no timing penalty.

- 226 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG T(U-70RL PAGE 5 Of 10

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT U UST [] TABLE [ GRAPHIC C1 EQUATIONS 0

DATA:
VOLTAGE SUMMING

ATTRIBUTE
(CONT)

5. CONCEPTUAL COMPLEXITY

" Circuit design is relatively simple.

" Totally hardware in design.

6. TECHNOLOGY

' Analog circuitry

7. IS BITE SELF TESTABLE?

" Voltage summing can be made self testable with the addition of

additional circuitry.

8. DESIGN COST

All components used are readily available at low cost.

* Minimal engineer man-hours required to design and debug circuitry.

9. SOFTWARE DESIGN COST

* None

10. WEIGHT

" Nominal weight is equal to the weight of the I op amp, 2 comparators, flip

flop, and 9 resistors.

" Weight increases as the number of voltage levels to be summed increases

due to the addition of input resistors.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG TUTORIAL PAGE 6 of 10

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT El LIST C[ TABLE [ GRAPHIC CE EQUATIONS C
DATA:

a) SEE FIGURE 3 FOR VOLTAGE SUMMING TECHNIQUE LEVEL I BLOCK DIA-

GRAM

b) SEE FIGURE 4 FOR VOLTAGE SUMMING DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG TUTORIAL PAGE 9 of 10

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT U LST [ TABLE (Z GRAPHIC Cl EQUATIONS 0
DATA:

AREA # OF POWER POWER MAX. WEIGHT
NUMBER/NAME (sq in) PINS TYPICAL(mW) (mW) (gms)

LM319N4/ 0.19 14 300 500 2.0
COMPARATOR

MC1558/ 09 a 300 500 1.3
OP AMP

74H 1031 .20 14 250 550 0.9
K FLIP FLOP

RI - Rn .03 - 250 0.2

Ra - Rd .03 - 250 0.2

Rf .03 - 250

Roff .03 - 250 ,

R (pullups) .03 250 "2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: LONG TUTORIAL I A E 1 f1

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT 7, LUST [] TABLE [] GRAPHIC [] EQUATIONS [

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: USER REQUESTED DATA -F PAGE I ofI

SUBCATEGORY:

DATA TYPE: TEXT U LST [ TABLE [ GRAPHIC [ EQUATIONS [

DATA:

QUESTIONS VARIABLE

ASSIGNMENT

1. How many voltages are to be summed? v1

2. What are the values of Vcc? v2

3. What are the values of Ra? v3

4. What are the values of Rb? v4

5. What are the values of Rc? v5

6. What are the values of Rd? v6

7. What are the values of Roff? v7

8. What is the sum of the input voltage to be monitored? v8

- 233 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: EQUATIONS PAGE 1 of 3

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT 0 UST E TABLE -- GRAPHIC 0 EQUATIONS [

DATA:

I) VARIABLE DEFINITION

BIT CHIPS USED:

n = Number of comparator chips

n2 = Number of flip-flop chips

n3 = Number of op amp chips

DISCRETE COMPONEN'S USED:

n4 = Number of input resistors

n5 = Number of feedback resistors

n6 = Number of voltage divider resistors

n7 = Number of bias current resistor

n8 = Number of pullup resistors

v1 = Number of voltages to be summed

v2 = Value of Vcc

v3 = Value of Ra

v4 = Value of Rb

v5 = Value of Rc

v6 = Value of Rd
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SU'MMING

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT LIST E TABLE GRAPHIC EQUATIONS
DATA:

1) VARIABLE DEFINITION (CONT)

v7 = Value of Roff

v8 = Value of Vintot

11) COMPONENT DETERMINATION EQUATIONS

n4 = vi

111) PENALTY EQUATIONS

a) AREA (sq in)

AREA of BIT chips =(.19)nl + (.20)n2 + (.09)n3 =.48

Area of BIT discrete components=
(.03)n4 + (.03)n5 + (.03)n6 + (.03)n7 +

(.03)n8 = .27 + (.03)n4

Total area of BIT circuitry =(Area of BIT chips) +

(Area of discrete components) +15% For PC traces =.48 +.27 (.03n4

.15(.48 + .27 + (.03)n4) = .75 + (.03)n4 +.I + .15(.03)n4

-.76 + (.034)n4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: VOLTAGE SUMMING

CATEGORY: EQUATIONS PAGE 3 of 3

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT LIST E TABLE [ GRAPHIC C] EQUATIONS []

DATA:

II) PENALTY EQUATIONS (CONT)

b) WEIGHT (gins)

Total weight of BIT chips = (2.0)nl + (.9)n2 + (1.3)n3 = 4.2

Total weight of BIT discrete components = (.2)n4+ (.2)n5 + (.2)n6 +

(.2)n7 + (.2)n8 = 1.6 + (.2)n4

Total weight of BIT circuitry = (Weight of BIT chips) +
(Weight of discrete components) +

(Weight of solder) = (4.2 + 1.6 + .2n4) + .1(4.2 + 1.6 + .2n4)

- (5.8 + .2n[41)1.I

c) POWER (mW)

Total power consumption of BIT chip = (300)r I + (250)n2 + (300)n3 850

Discrete components' power consumption = (v2)(v2)1I/v3 + v4) + 1/(v5 +
v6) + (vS)(vS)/v7f

Total power consumption = power consumption of BIT chips + power consumption

of discrete components

d) TEST TIME

Since voltage summing BIT is executed concur-ntlV, there is no test time

penalty.
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PARAGRAPH 6.12

REDUNDANCY
TECHNIQUE

DATA PACKAGE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: SHORT TUTORIAL PAGE I of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT U LST [ TABLE [ GRAPHIC [ EQUATIONS [

DATA:

SHORT TUTORIAL
FOR

UTILIZING REDUNDANCY

Redundant test techniques can be implemented on a concurrent basis by the design

engineer as a Built-In-Test (BIT) Tool. The approach taken is to include a standard

(also known as a golden device) onto the Line replaceable Module (LRM). The Stan-

dard is an electrical replica of the Circuit Under Test (CUT) which requires BIT capa-

bility. The outputs from the CUT and the Standard are fed into a differential amplifier

circuit which in turn feeds its output into a window comparator. The window com-

parator is designed to generate a Test Fail signal if the differential output signal is

either greater than a positive reference level or more negative than a negative reference

level.

A second standard can also be added to provide three identical circuits. The outputs of

the three circuits can then be fed into a voting circuit. This scheme will provide a fault

tolerant operation in addition to fault detection.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTLTIZ[NG REDUNDANCY

CATEGORY: SHORT TUTORIAL PAGE 2 of 4

SUBCATEGORY: 1. LEVEL [ BLOCK DIAGRAM
2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT C3 LIST 0 TABLE [] GRAPHIC [ EQUATIONS [

DATA:

SUBCATEGORY 1: SEE FIGURE I

SUBCATEGORY 2: SEE FIGURE 2
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CUT POWERED UP. INPUT STIMULI
APPUED TO CUT AND THE

REDUNDANT CIRCUIT

,Ii
OUTPUTS FROM CUT AND THE

REDUNDANT CIRCUIT ARE
APPLIED TO A DIFFERENTIAL

AMPUFIER

I,
THE OUTPUT OF THE DIFFERENTIAL

AMPLIFIER IS SENT INTO A
WINDOW COMPARATOR

FIGURE 2 BIT SEQUENCE FLOW CHART FOR

REDUNDANCY BIT TECHNIQUE

FIG E 2 BI SPAGE 
4 of 4

REDUNDANCY BITTECHNIQUI 2



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TUTORIAL -PAGE I of 10

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT (:3 UST CE TABLE [] GRAPHIC [ EQUATIONS [

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
UTILIZING REDUNDANCY

1. Signals sent to the CUT are sent concurrently to a replica of the CUT (a standard)

during operation of the LRM.

2. Both the CUT curput and the output from the standard are sent to a differential

amplifier which provides an output which is proportional to the difference between

the two signals.

3. [he output of the differential amplifier is sent to the inputs of a window detector

where they are compared to positive and negative reference voltages.

4. A Test Fail signal is generated if either the CUT output is more positive or more

negative than the reference voltages.

5. The Test Fail latch is set with the detection of an error by the Window Detector,

otherwise the Test Fail Latch remains reset.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TUTORIAL PAGE 2 Of 10

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT F1 UST (] TABLE [ GRAPHIC [ EQUATIONS E
DATA:

UTILIZING REDUNDANCY
ADVANTAGES

Using Redundancy offers the following advantages to the circuit designer:

1. The technique is run on a concurrent basis therefore no time is lost to test the
CUT.

2. All the circuit design must have been previously done for the CUT, therefore
it is also readily available for the standard.

3. The technique offers the potential for increasing the reliability of the LR.M
with the addition of a second standard. The three outputs can then be fed into
a voting circuit to provide fault tolerance.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TUTORIAL PAGE 3 Of 10

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT 0 UST E] TABLE C3 GRAPHIC 0 EQUATIONS 0

DATA:

UTILIZING REDUNDANCY
DISADVANTAGES

The use of the Redundancy technique possesses the following disadvantages:

1. In high frequency or critical timing applications, it may be difficult to

synchronize the CUT output signals to the output of the redundant circuit.

2. Large amounts of real estate will be consumed because the technique doubles

the circuit area required.

3. For a large number of CUT outputs, many differential amplifier and com-

parator BIT circuits would be required.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CTGR:LONG TUTORIAL [PFAGE 4  of 10

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT U LST [ TABLE [ GRAPHIC F- EQUATIONS [

DATA:

UTILIZING REDUNDANCY
ATTRIBUTES

1. REAL ESTATE CONSIDERATIONS:

' The amount of real estate required for this technique is equivalent to the size

of the CUT plus the amount of real estate required for the differential

amplifier, the window comparator and the Test Fail latch.

2. POWER CONSIDERATIONS:

* The increase in power dissipation with the use of this technique is equivalent

to the amount of power dissipated by the CUT plus the power dissipated by

the differential amplifier, the comparator circuit and the Test Fail latch.

3. RELIABILITY CONSIDERATIONS:

With the use of this technique, failure rates increase proportionately to the

circuit density and complexity of the CUT. The failure rates for the

differential amplifier, comparator circuit and Test Fail latch must also be

added to the total LRM failure rate.

4. TIMING CONSIDERATIONS:

" No timing penalty is incurreH1 with the use of this technique since it is run in

the concurrent mode.

" If high frequency or critical timing specifications are required by the CUT

then difficulties may arise when attempting to synchronize the CUT's output
with the output of the standard.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TUTORIAL [AG E 5  of 10_

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C3 UST 21 TABLE C] GRAPHIC 0 EQUATIONS 0

DATA:

UTIL!ZING REDUNDANCY
ATTRIBUTE

(CONT)

5. CONCEPTUAL COMPLEXITY

* Straight forward

6. TECHNOLOGY

* All current digital technologies

7. IS BITE SELF TESTABLE?

Since the cut is duplicated by the bit circuitry, a failure in either the cut or bit
circuitry is detectable, therefore, the majority of the circuitry added for bit is
checked out. Only the differential amplifier and window comparator circuits
are not verified operationally.

8. DESIGN COST:

The cost of implementing Redundancy into a Computer Aided DesignhBuilt-

[n-Test CAD/BIT design is proportional to the cost of the CUT circuit which

is replicated, plus the cost of the differential amplifier and comparator.

9. WEIGHT CONS!DERATIONS:

* The increase in weight is proportional to the weight of the CUT which is

replicated plus the weight of the comparator circuit and the test fail latch.
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LIBRARY ELEMENT DATA
SHEET

SIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TL7"ORIAL PAG E 6 of 10

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT ] LUST C3 TABLE [] GRAPHIC [ EQUATIONS []

DATA:

a) SEE FIGURE 3 FOR UTILIZING REDUNDANCY LEVEL [[ BLOCK DIAGRAM

b) SEE FIGURE 4 FOR UTILIZING REDUNDANCY AS DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: LONG TUTORIA L PAGE 9 of 10

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT F1 UST C3 TABLE El GRAPHIC -1 EQUATIONS E:1-
DATA:

AREA # OF POWER POWER MAX. WEIGHT
NUMBER/NAME (sq in) PINS TYPICAL(mW) (mW) (gms)

LM319D VOLTAGE 0.2044 L4 200 500 2
COMPARATOR

LM748CN 0.100 8 200 500
OPERATIONAL
AMPLIFIER

DM7400 QUAD 0.22 14 100 500
DUAL INPUT
NAND GATE

RESISTORS Rl 0.0225 2 100 250 2
THRU RIO

CAPACITOR Cl 0.681 2 50 250 3
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTLIZING REDUNDANCY

CATEGORY: LONG TUTORIAL -75 G 10 of 10

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT Cl UST [ TABLE Cl GRAPHIC [] EQUATIONS C

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

QUESTIONS VARIA.BLE

ASSIGNMENTS

1. How many outputs are to be bit tested ? V1
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTILIZING REDUNDANCY

CATEGORY: EQUATIONS PAGE I Of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT LIST [ TABLE [ GRAPHIC C1 EQUATIONS 21

DATA:
1) VARIABLE DEFINITION

nl = Number Of LIN4319 Comparator chips required

n2 = Number Of LM748 Operational Amplifiers

n3 = Number Of DM7400 Quad Dual Input Nand Gate chips required

n4 = Number Resistors required

n5 = Number Of capacitors required

v1 = Number of outputs to be tested

1I) COMPONENT DETYERMINATION EQUATIONS

n1 = vi

n2 = v1

n3 = vi

n4 = (10)v1

n5€ - v1

IIl) PENALTY EQUATIONS

a) AREA (sq in)

Area of BIT chips (0.2044)nl + (0.l)n2 + (0.22)n3+ (0.0225)n4

+ (0.681)n5
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: UTIIZING REDUNDANCY

CATEGORY: EQUATIONS PF AGE 2 Of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

-DATA TYPE: TEXT CD UST C: TABLE [ GRAPHIC ED EQUATIONS El

DATA:
1II) PENALTY EQUATIONS (CONT)

b) WEIGHT (gms)

Weight of BIT circuitry = 2n1 + 910n2 + 2n3 + 2n4 + 3n5

Total weight of BIT circuitry = Weight of BIT chips + 10% for Weight of

solder + Weight of CUT circuitry 1.1 (Weight of BIT chips + Weight of

CUT circuitry)

c) POWER (mW)

Total power penalty for the redundancy technique = nl(200) + n2(200) + n3(100) +

n4(100) + n5(50)

NOTE: The power penalty is derived from typical power dissipation levels.

d) TEST TIMING

There is no timing penalty when using the -edundancy BIT technique since

the technique is run in the concurrent mode.
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LIBRARY ELEMENT DATA
SHEEr

SIT TECHNIQUE: ,AN ALOG WRAPAROUND

CATEGORY: SHORT TLToRIAL PAGE I of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT 2: UST - TABLE [ GRAPHIC [ EQUATIONS [

OATA:
SHORT TUTORIAL

FOR
ANALOG WRAPAROUND

Analog wraparound is a non-concurrent Built-In-Test (BIT) technique. This consists

of hardware and software (firmware in Read Only Memory (ROM)) and specifically

requires a microprocessc - some Digital-to Analog (D/A) converters as output devices

and some Analog-to-Dig tal (A/D) converters as input devices on board as part of the

Circuit Under Test (CUT).

The technique consists of adding necessary circuitry so that upon a BIT INITIATE, the

analog signal leaving the D/A output devices can be routed to the AD input devices on

the Line Replaceable Module (LRM). An appropriate BIT routine is stored in ROM

along with test data to control the data transfer and compare the data received with the

data transmitted. A mismatch will indicate a failure.

An option which the engineer may use to route the signal back to the microprocessor is

to add an analog switch to wrap the signal leaving the D/A through the switch then to

an AD and back to a microprocessor.

Other forms of tests which can be performed are:

1. Amplifier/Artenuator stages

2. Transceiver/Receivers

3. Optical Links
4. Transducer coupling

Any function - complement pair can be tested using the wraparound method.

The Microprocessor BIT technique (a relative BIT technique), checks out the internal

components of the microprocessor system. The wraparound BIT can be used to extend

the microprocessor BIT to include the 'O.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: SHORT TUTORIAL PAGE 2 of 4

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM

2. BIT SEQUENCE FLOW CHART

DATA TYPE: TEXT LIST [] TABLE [ GRAPHIC CE EQUATIONS E
DATA:

SUBCATEGORY 1: SEE FIGURE I

SUBCATEGORY 2: SEE FIGURE 2
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[ BIT INITIATE 1

SET PASS/FAIL
TO PASS

IN ANALOG CHIP

IAPPLY ROM TEST PATTERNS1
TO D/A CONVERTER

ROUTE ANALOG SIGNAL
THRU ANALOG SWITCH TO

A _D CONVERTER

I DELAY & STROBE MEMORY
CHIP TO SEND EXPECTED

RESULTS TO MICROPROCESSOR

MICROPROCESSOR READS
RESULT FROM AID

CONVERTER AND COMPARES
WITH EXPECTED RESULT

NO PASS/FAIL

OFF SET = FAIL

YES
N OL A T T S

CONTINUE

FIGURE 2 BIT SEQUENCE FLOW CHART
FOR ANALOG WRAPAROUND

PAGE 4 of 4
- 259 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: LONG TUTORIAL __ P A G E I of 10

SUBCATEGORY: BIT SEQUENCE FLOW CHART DESCRIPTION

DATA TYPE: TEXT El LIST F1 TABLE - GRAPHIC ED EQUATIONS [

DATA:
BIT SEQUENCE FLOW CHART DESCRIPTION

ANALOG WRAPAROUND

I. A 'BIT INITIATE' signal is input to the LRM, so testing can begin.

2. Initialize the Circuit Under Test and set the Pass/Fail equal to Pass.

3. Before applying a signal, enable the wraparound switches that are going to be

used for that particular test.

4. Apply the ROM test patterns to the D/A converter(s).

5. At this point, the data is routed from the D/A converter through the proper

enabled wraparound switches and into the A/D converter(s).

6. Delay and strobe the memory chip to send the expected results to the micro-
processor.

7. Microprocessor reads the results from the AID converter(s) and compares it

with the expected result from memory.

8. If comparison fails, set Pass/Fail Flip-Flop to FAIL and end test. If comparison
passes, continue.

9. If not the last ROM address, go back to STEP 4 and continue.

- 260 -



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: LONG TUTOR/AL IPAGE '2 Of 10

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT LiST CE TABLE C] GRAPHIC 0 EQUATIONS C1

DATA:
ANALOG WRAPAROUND

ADVANTAGES

1. Only requires minimal hardware and is a conceptually simple design which is easy

to implement.

2. Chips that are needed are readily available.

3. This technique may also be used in conjunction with "MICROPROCESSOR BIT",

another Computer Aided Design/Built-In-Test (CADBIT) technique, to extend the
BIT coverage to include the Input/Output (1/0) chips (which are not normally

checked out with the Microprocessor BIT).
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: LONG TUTORIAL I P A GE 3 Of 10

SUBCATEGORY: BIT TECHNIQUE DISADVANTAGES

DATA TYPE: TEXT ED UST CE TABLE [] GRAPHIC [ EQUATIONS 0
DATA:

ANALOG WRAPAROUND
DISADVANTAGES

1. This technique only checks out a small portion of the LRM.

2. As the microprocessor system increases in size along with more D/A or AID con-
verters then the number of Analog chips must also increase (in quantity), therefore,
increasing real estate and firmware requirements. Additional ROMs may be re-

quired to store the additional test patterns.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: LONG TUTORIAL PAGE 4 of 10

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C] UST El TABLE C GRAPHIC C EQUATIONS C
DATA:

ANALOG WRAPAROUND
ATTRIBUTES

1. REAL ESTATE PENALTY

Minimal since most microprocessor LRMs have at most only a small

number of D/A or A/D peripheral devices and analog switch packages

are available with multiple switches in a package.

2. POWER PENALTY

Small - just requires additional power to wrap around switches.

3. RELIABILITY PENALTY

Small - the technique generally only requires a few analog switch chips

which are not exceptionally unreliable.

4. TIING PENALTY

* generally small because number of test patterns ,,:quired to test the D'As

and AIDs will not be extensive.

5. NON-CONCURRENT

6. CONCEPTUAL COMPLEXITY

* Straight forward.

7 HARDWARE/SOFTWARE COMBO

* Hardware

8. TECHNOLOGY

Digital & Analog chips resident.

9. Is BITE Self - Testable?

* No
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: LONG TUTORIAL pAGE 5 of 10

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT - UST 0 TABLE C3 GRAPHIC (Z EQUATIONS []

DATA:

a) SEE FIGURE 3 FOR ANALOG WRAPAROUND LEVEL 1I BLOCK DIAGRAM

b) SEE FIGURE 4 FOR ANALOG WRAPAROUND DEFAULT DESIGN

c) SEE FIGURE 5 FOR ANALOG WRAPAROUND DEFAULT DESIGN
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUTND

CATEGORY: LONG TUTORIAL PAGE 9 of 10

SUBCATEGORY: PARTS DATA TABLE

DATA TYPE: TEXT ED LIST l] TABLE C3 GRAPHIC E EQUATIONS El

DATA:

AREA # OF POWER POWER MAX. WEIGHT
NUMBER/NAME (sq in) PINS TYPICAL (mIW) (gins)

!MM54HCT 138 0.243 16 350 500 2.6
3 to 3 LINE DECODER

DG 123 0.227 14 525 750 2 25
ANALOG 5-CHANNEL
SWITCH
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

SUBCATEGORY: BIBLIOGRAPHY

DATA TYPE: TEXT E UST TABLE GRAPHIC E EQUATIONS

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANAL4OG WRAPAROUND

CATEGORY: USER REQUESTED DATA PAGE I of I

SUBCATEGORY:

DATA TYPE: TEXT LIST El TABLE [ GRAPHIC C EQUATIONS []

DATA:
QUESTIONS VARIABLE

ASSIGNMENT

1. How many analog outputs are to be wrapped around? vi

2. How many test patterns are required? v2

3. What is the test pattern application rate? v3

4. What is the CUT initialization time? v4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: EQUATIONS PAGE I of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT C LIST C TABLE C GRAPHIC C EQUATIONS [

DATA:

1) VARIABLE DEFINITION

ni = Number of 3 to 8 Line Decoders (MM54HCT138)

n2 = Number of Analog Switches (DG123)

v1 = Number of analog outputs to be wrapped around

v2 = Number of test patterns required

v3 = Test pattern application rate

v4 = CUT initialization time

II) COMPONENT DETERMINATION EQUATIONS

ni = I

n2 = v15

1i) PENALTY EQUATIONS

a) AREA (sq in)

Area of BIT chips - (0.243)nl + (0.227)n2

Total Area of BIT circuitry - (Total Area of chips)+15% for PC [races

- 1.15 (Area of BIT chips)

b) WEIGHT (gms)
Weight of BIT chips - (2.6)nl + (2.25)n2

Weight of BIT circuitry= Weight of BIT chips + 10% for Weight of Solder
1.1 (Weight of chips)
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LIBRARY ELEMENT DATA

SHEET
BIT TECHNIQUE: ANALOG WRAPAROUND

CATEGORY: EQUAI[ONS [PAGE 2 Of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT 0 LIST El TABLE [ GRAPHIC [ EQUATIONS [
DATA:

I) PENALTY EQUATIONS (CONT)

c) POWER (mW)

Maximum Power of Bit Chips (500)nl + (750)n2

d) TEST TIME

Test Time = (v2)(v3) + v4
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BIBLIOGRAPHY

BIT TECHNIQUES FOR VARIOUS TYPES OF CIRCUITRY

1) Universal Pin Electronics 85 - Holub - Auto Test Conf. 84 - The Bit Implementation
of Universal Pin Electronics - A Solution To The Army's Testing Problems of Today
and Tomorrow

2) Fault Tolerance (Includes hardware Redundancy Comparisons and Error Detection/
Correction Codes)
82 - Siewiorek, Swarz - Digital Press 1982 -
83 - NOSC - TD 654 - Active Reliability Engineering - Technical Concept and Pro-
gram Plan
84 - Sohar (RADC-TR-84-57) - Reliability, Testability and Design for Fault Tolerant
Systems - April 1984
*86 - Gulati, Reddy - 1986 IEEE Int. Syrp on Circuits and Systems - Concurrent
Error Detection In VLSI Array Structures
86 - Tung, Robinson - 1986 IEEE Int. Symup on Circuits and Systems - Design of
Concurrently Testable Microprogrammed Control Units

3) Self Checking Circuits
79 - Diaz, Azema, Ayache - 1979 IEEE Trans. on Computers, Vol. C-28, No.3,

March 79 - Unified Design of Self-Checking and Fail- Safe Combinational Circuits
and Sequential Machines
80 - Pradham, Stiffler - 1980 IEEE Computer Magazine, March 80 - Error-Correct-
ing Codes and Self-Checking Circuits
84 - Manthani, Reddy (CMOS) - 1984 International Test Conf. - On CMOS Totally
Self-Checking Circuits
85 - Piestrak (PLA) - 1985 IEEE International Conf. on Comp. Des. (ICCD): VLSI in
Computers - PLA Implementations Of Totally Self-Checking Circuits Using N-Out-
Of-N Codes
85 - Lam, Chau, Luong - 1985 International Test Conf. - Design of A Class of
Self-Exercising Combinational Circuits

4) Embedded Memory
84 - Sun, Wang - 1984 International Test Conference - Self-Testing of Embedded
Rams
84 - McAnney, Bardell, Gupta - 1984 International Test Conf. - Random Testing For
Stuck-At Storage Cells In An Embedded Memory
86 - Jain, Stroud - IEEE D&T Magazine, October 1986 - Built-In Self Testing of
Embedded Memories
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5) Memory Testing
84 - Kinoshita, Saluja - 1984 Intl. Test Conf. - Built-In Testing Of Memory Using
On-Chip Compact Testing Scheme
85 - Bardell, McAnney - 1985 Intl. Test Conf. - Self-Test Of Random Access Memo-
ries
85 - Sidhar - 1985 Intl. Test Conf. - A New Parallel Test Approach For Large Memo-
ries
85 - Jacobson - 1985 Intl. Test Conf. - A Fast, Probabilistic Algorithm for Functional
Testing of Random Access Memory Systems
87 - Saluja, Sng, Kinoshita - IEEE Design & Test, Feb. 87 - Built-In Self-Testing
RAM: A Practical Alternative

6) Programmable Logic Arrays (PLAs)
85 - Salick, Mercer, Underwood - 1985 International Test Conf. - Built-In Self Test
Input Generator For Programmable Logic Arrays
85 - Chen, Fuchs, Abraham - 1985 IEEE ICCD: VLSI in Comp. - Efficient Concurrent
Error Detection In PLAS And ROMS

7) Data Path Multiplex / ALU / Shifter
*84 - Kime, Kwan, Lemke, Williams - 1984 International Test Conf. - A Built-in Test

Methodology For VLSI Data Paths

8) Check Sum 77 - Hayes - 1977 Fault Tolerant Computing Symposium - Check Sum
Test Method

9) Hybrid - 85 - Browning - 1985 International Test Conf. - Testing AID Converters On
Microcomputers 85 - Verbeck, Bruce - 1985 International Test Conf. - Testability
Features Of The MC68HC11
86 - Venditti, Opalski, Stemmler - 1986 Custom Integrated Circuits Conf. - Software
Controlled Extended Frame Format PCM Transceiver Chip

10) Analog
Applications:
Graeme / Meyer
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OFF-LINE BUILT-IN TEST TECHNIQUES FOR COMBINATIONAL & SEQUENTIAL
DIGITAL PCB DESIGN

A) BIT Techniques

1) Transition Counting
75 - Hayes - 1975 Fault-Tolerant Computing Symp. - Testing logic circuits by transi-
tion counting
77 - Seth - Data compression techniques in logic testing: an extension of transition
counts - J. Des. Automat. Fault-Tolerant Comput.: 77-2

2) Random Testing
76 - Losq - Referenceless random testing - Fault-Tolerant Computing Symp.: 1976
77 - Shed - Random testing: Practicality vs. verified effectiveness - Fault-Tolerant
Computing Symp.: 1977
78 - Agrawal - When to use random testing - IEEE Trans. Computers: 1978

3) Compact Testing
76 - Parker - Compact Testing: testing with compressed data - Fault-Tolerant Com-
puting Symp.: 1976
77 - Losq - Efficiency of compact testing for sequential circuits- Fault-Tolerant Com-
puting Syrp.: 1977

4) Signature Analysis
77 - Frohwerk - Signature Analysis: A New Digital Field Service Method - Hewlett
Packard J., 1977
77 - Nadig - Signature Analysis---Concepts, Examples, and Guide-lines - Hewlett
Packard J., 1977
80 - Smith - Measures of the effectiveness of fault signature analysis - IEEE Trans.
Computers: 1980

5) Autonomous Test
80 - Eiki, Inagaki, Yajima - Autonomous testing and its application to testable design
of logic circuits - Fault-Tolerant Computing Symp.: 1980
80 - McCluskey, Bozorgui-Nesbat - 1980 IEEE Test Conf. - Design For Autonomous
Test
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6) BILBO - Built-In Logic Block Observation
79 - Koenemann, Mucha, Zwieoff - IEEE ITC 79 - BILBO Techs.
"85 - Krasniewski, Albicki - 1985 ITC - Automatic Design of Exhaustively Self-Test-
ing Chips With BILBO Modules
85 '- Krasniewski, Albicki - 85 IEEE - Self-Testing Pipelines
86 - Wang, McCluskey - 86 IEEE Circuit Des: VLSI & Computers - Concurrent Built-
In Logic Block Observer (CBILBO)

7) BIDCO - Built-in Digital Circuit Observer
80 - Fasang - 1980 IEEE Test Conf.

8) Syndrome Test
"81 - Barzilai, Savir, Markowsky, Smith - 1981 IEEE ITC

9) Self-Test Method
81 - Segers - 1981 IEEE Test Conf. - A Self-Test Method For Digital Circuits
83 - Komonytsky - Electronics, March 1983 - Synthesis of techniques creates complete
system self-test
85 - Bhavsar - 1905 International Test Conf. - "Concatenable Polydividers": BIT-
Sliced LFSR Chips For Board Self-Test
86 - Sabo, Johannsen, Yau - 1986 Custom Integrated Circuits Conf. - Genesil Silicon
Compilation and Design for Testability

10) STUMPS - Self Testing of Multi Chip Logic Modules
82 - Bardell, McAnney - 1982 IEEE Test Conf.

11) *HILDO - Highly Integrated Logic Device Observer
84 - Beucler, Manner - VLSI DESIGN June 1984

12) 'STIF - Self Testing by Integrated Feedback
84 - Gannett - VLSI DESIGN October 1984

13) "SSRPT - Self Sufficient Random Pattern Test
85 - Tsui - IBM Technical Discl. Bull - 1985-2

14) v[MST - Mixed Mode Self Test
83 - Ei-ziq, Buttt - 1983 IEEE ITC - A Mixed-Mode Built-In Self- Test Technique
Using Scan Path and Signature Analysis
84 - Burt, El-ziq - 1984 International Test Conf. - Impact Of Mixed-Mode
Self-Test On Life Cycle Cost Of VLSI Based Designs
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15) Test Patterns Stored in ROM
84 - Dandapani, Patel, Abraham - 1984 International Test Conf. - Design Of Test
Pattern Generators For Built-In Test

16) 'Exhaustive Bit Patterns
84 - Derisoglu - Lincoln Lab - Tech. Report 685 - 5i31/84
85 - Dervisoglu - VLSI Self-Testing Using Exhaustive Bit Patterns - 1985 ICCD

85 - Vasanthavada, Marinos - 1985 ITC - An Operationally Efficient Scheme For
Exhaustive Test Pattern Generation Using Linear Codes

17) 'LOCST - LSSD On Chip Self Test
84 - LeBlanc - 1984 IEEE Design & Test of Computers - LOCST: A Built-In Self-
Test Technique

18) MMN
86 - Subramanyam, Stine (TRW) - 1986 IEEE National Aerospace in Electronics

Conf. (NAECON) - Design For Testability For Future Digital Avionics Systems
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B) EMBEDDED BIT (SCAN FAMILY) TECHNIQUES TO NLkKE DIGITAL
SEQUENTIAL CIRCUITS TESTABLE

1) Scan Path
75 - Funatsu, Wakatsuki, Arima - 1975 Design Automation Conf. - Test Generation
Systems In Japan

2) LSSD - Level Sensitive Scan Design
77 - Eichelberger, William - Design Automation Conf. 1977 - A Logic Design Struc-
ture For LSI Testability
83 - Motika, Waicukauski, Lindbloom, Eichelberger - 1983 IEEE ITC - An LSSD
Pseudo Random Pattern Test System

3) Scan/Set
77 - Stewart - 1977 Test Conf. - Future Testing Of Large LSI Circuit Cards

4) Random Access Scan
80 - Ando - Dig. Papers, 1980 IEEE Spring Comp Conf. - Testing VLSI With Random
Access Scan

5) Shift Test Control Logic
83 - Zasio - Dig. Papers, 1983 IEEE Spring Comp Conf. - Shifting Away From Probes
For Wafer Test

6) Boundary Scan
85 - Beenker - 1985 International Test Conf. - Systematic and structured methods for
digital board testing
85 - Laurent - 1985 ICCD - An Example Of Test Strategy For Computer Implemented
With VLSI Circuits

7) System Latch - Scannable Flop (SL-SF)
86 - Bhavsar - IEEE Design & Test, June 1986 - A New Economical Implementation

for Scannable Flip-Flops in MOS

8) Scan For Finite State Machines
87 - Reddy, Dandapani - IEEE Design & Test, Feb. 1987 - Scan Design Using Stan-
dard Flip-Flops
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C) PARTITIONING AND MUXING TECHNIQUES TO AID TESTING OF CO.MBIN-
TIONAL & SEQUENTIAL LOGIC

1) Decompose Technique
80 Bozorgui-Nesbat, McCluskey - 1980 Fault-Tolerant Computing Symp. - Structured
Design For Testability To Eliminate Test Pattern Generation

2) Chip Partitioning Aid
84 - DasGupta, Graf, Rasmussen, Walther, Williams - 1984 Design Automation Conf.
- Chip Partitioning Aid: A Design Technique For Partitionability And Testability In
VLSI

3) MAST - Multiple Access Scan Testable
*85 - Fasang, Shen, Schuette, Gwaltney - 1985 [TC - Automated Design for Tes-
tability of Semicustom Integrated Circuits
86 - Beenker, Van Eerdewijk, Gerritsen, Peacock, Van der Star - IEEE Design & Test,
December 1986 - Macro Testing: Unifying IC and Board Test

D) Scan Family Historical References
63 - Mailing, Allen - December 1963 - "A Computer Organization and Programming
System for Automated Maintenance"
64 - Carter, Montgomery, Preiss, Reinheimer - April 1964 - "Design of Serviceability
Features for the IBM System/360"
73 - Williams, Angele - January 1973 - "Enhancing Testability of Large Scale

Integrated Circuits via Test Points and Additional Logic"

E) Enhancing BIST Sources
84 - Bardell, McAnney - 1984 International Test Conf. - Parallel Pseudo random
Sequences For Built-In Test
84 - Starke - 1984 International Test Conf. - Built-In Test for CMOS Circuits
'85 - Craig, Kime - 1985 International Test Conf. - Pseudo-Exhaustive Adjacency

Testing: A BIST Approach For Stuck- Open Faults

F) Enhancing BIST Capture
84 - Zorian, Agarwal - 1984 International Test Conf. - Higher Certainty Of Error
Co-'e:rage By Output Data M'iodifi Cation
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G) Random Test Evaluation
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Of
N Rome Air Development Center
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selected acquisition programs in support of Command, Control,
Communications and Intelligence (C-< activities. Technical and
engineering subport within areas of competence is provided to

ESD Program Offices (POs) and other ESD elements to
perform effectzve acquisition of C3I systems. The areas of

technical competence include communications, command and

control, battle management information processing, surveillance

sensors, intelligence data collection and handling, solid state
,$N' sciences, electromagnetics, and propagation, and electronic

reliability/maintainabzlity and compatibility.
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